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FOREWORD 



IN the perspective of human history of over five thousand years 
one of the most fascinating intellectual endeavours of man has been 
devoted towards a rational understanding and interpretation of the 
celestial bodies, their nature and structure, their movements and their 
relation with his own habitat, the Earth. In the past, such an effort 
had been characterised by prolonged observations, mainly with the 
naked eye, at times aided by some instruments which may seem to us 
at present rather crude and primitive. The spirit of man to unravel 
the mysteries of the so-called heavens has continued unabated and a 
large number of astronomical observations have come down to us 
either in the form of recordings or by oral transmission. These 
observational endeavours, which for long were essentially geo-centric, 
assumed new dimensions about five hundred years ago when the 
Copernican helio-centric model provided a new way of understanding 
and interpretation of the solar system. In the succeeding two 
centuries, the Newtonian law of gravitation and the telescope not 
only opened up new vistas of astronomy but also placed them on a 
truly scientific foundation. Since the beginning of this century, the 
applications of sophisticated mathematics and of the new physical 
principles as well as the use of large telescopes have added further 
dimensions to astronomy and astro-physics. 

In India, modern astronomical investigations came to the fore in 
the beginning of this century and are being fostered specially since 
Independence. But the Indian astronomical tradition is very ancient, 
over four thousand years old. It is still a living tradition as an integral 
part of the social and religious life of the people, in which the tradi- 
tional calendar called the Pancanga continues to play an important 
role. The origins of the Indian calendrical computation methods can 
be traced to the Vedic period, over three thousand years ago, and 
since then astronomy in India has progressed continuously with its 
own original ideas. At times it has also assimilated the astronomical 
methods of the other culture-areas in a spirit of open-mindedness, 
thus displaying a real scientific attitude. 

A fact of great importance is that India has produced a vast 
literature on different aspects of astronomy. According to the 
American scholar, David Pingree, who has surveyed extensively 
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the Jyotisa literature of India, it would appear that more than 1,00,000 
manuscripts on Jyotisa (including astronomy and astrology) still 
survive in the public and private repositories in India and outside, ' 
of which a very substantial part, running to several thousands, relates 
to astronomy. However, the number of works which have been 
either studied or which have received general attention is far less 
when compared with the enormous wealth of source materials, 
which are mostly in Sanskrit, although a good number of important 
texts have been studied in some depth. Even so, a comprehensive 
survey of the more important original sources and their significant 
passages so as to bring to light the basic concepts and their evolution, 
the style of presentation, the linguistic terminology, the methods 
of observation and documentation in which the Indian astronomers 
were admittedly proficient, has been a long-felt need. 

The present publication Indian Astronomy: A Source-Book is 
intended to provide a general insight in respect of these aspects. 
About 3000 verses have been extracted from a large number of 
original sources, mainly in Sanskrit, and presented with their 
translations in English and notes, under five major divisions, viz. 
(i) General Ideas and Concepts; (ii) Astronomical Instruments; 
(iii) Computation methods; (iv) Occultation and (v) Innovative trends, 
with appropriate sections, sub-sections and topical headings. 

The original passages have brought out authentically the basic 
characteristics of Indian astronomy, the expertise expected of an 
astronomer in ancient times, his concern for accuracy, the intricate 
methodologies adopted by him and, more significantly, the importance 
given to observation and the mathematically developed document- 
ation. These would, to a great extent, set at rest the prevalent 
view that the Indian astronomers were generally speculative and 
empirical. 

The Source-book, the first of its type in India on astronomy, 
does not claim to have presented in it a complete account of Indian 
astronomy. Its primary object is to present a profile which might 
lead to further efforts towards examining more of the manuscripts 
which are still awaiting the attention of scholars. 

The scientific manuscript wealth of India is indeed enormous. 
An authentic discovery of India's scientific heritage demands a 
critical evaluation of the original sources and a rational presentation 
of the scientific heritage, through original sources. Guided by this 
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view, Nehru Centre, as part of its Discovery of India Project, 
took a step in this direction two years ago leading to the present 
publication. 

I am deeply appreciative of the scholarly work done by 
Dr. B. V. Subbarayappa and Dr. K. V. Sarma in preparing this 
volume in a rather short time, for its release on the occasion of the 
meeting of the General Assembly of the International Astronomical 
Union, in New Delhi. 



Raja Ramanna 



Bombay, 
November 9, 1985 



General Secretary 
Nehru Centre, Bombay 
and 
Chairman 
Atomic Energy Commission 
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PREFACE 



THERE has been a considerable number of publications, both 
general and scholarly, on Indian astronomy. Some of the important 
texts, mainly in Sanskrit, have also been critically edited and published. 
These have, in their own way, attempted to bring out several aspects 
and achievements of some noted Indian astronomers in the ancient 
and medieval periods. 

For quite some time, however, a need for a source-book has been 
felt not only by those interested in traditional Indian astronomy but, 
more important, by a number of modern astronomers in order to have 
a scientific insight into the main characteristics of Indian astronomy, 
the methodologies developed, instruments used, the manner of docu- 
mentation of astronomical data and the like, authentically in original 
source-forms. Most of these scholars have been finding it difficult 
to get at the desired sources and to understand them, partly because 
of their inadequate or limited linguistic expertise and partly because 
of the fact that such sources are not easily available to them in one 
place, and when desired. 

The present compilation, Indian Astronomy: A Source-book, is 
aimed at providing, as far as possible, the important sources, mainly 
based on Sanskrit works, with their translations in English, and with 
the necessary notes and references. The source materials on Indian 
astronomy, admittedly, run into some thousands and it is almost 
an impossible task for any one to include all of them, or even a 
substantial part of them, in the form of a single source-book. Never- 
theless, a judicious selection could be made, leading to a reasonably 
representative compilation of important sources. Our present efforts 
are in the nature of just a first step in this direction. 

After going through a large number of sources, we have selected 
about three thousand verses for inclusion in this volume and presented 
them under five major divisions: I. General ideas and concepts, 
II. Astronomical instruments, III. Computation, IV. Occupation, 
and V. Innovative trends, each divided into several sections, sub- 
sections and topics, analysing the numerous traits of Indian astronomy, 
including the basic views and concepts, the expertise required of an 
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astronomer, the importance given to observation and accuracy, 
methods of mathematics-based computation, astronomical constants, 
the rationale, attempts at making innovations etc. 

Generally, the extracts under each section have been presented 
in a chronological manner and, if there is departure from this, it is 
largely because of the succinct manner in which a particular idea has 
been presented in a later text. As to the translations in English, we 
have utilized such of them as are available in the published works and, 
when no concerned translation was available, we have given our own 
translation. It has to be mentioned here that each translator is prone 
to have his own approach, some giving almost the literal translation 
and others, translations bordering on an exposition, apart from the 
individual style of presentation. In any case, the reader has the 
advantage of having the original passages given above the translations 
to refer to, when any doubt or ambiguity arises. Further, while short 
notes and numerical and other types of information have been provided 
as footnotes, for the rationale and worked out examples, the reader 
has to consult the references cited in the footnotes. 

A Select Bibliography of over 300 important texts on Indian 
astronomy, in chronological order, has been given in Appendix II 
for further reference by interested scholars. A Glossary of Technical 
Terms forms Appendix IV, and an exhaustive list of the terms used 
to denote numbers according to the Bhutasahkhya notation forms 
Appendix V. 

We are very much thankful to Nehru Centre, Bombay, for giving 
us an opportunity to work on this Source-book. We express our 
sincere gratitude to Dr. Raja Ramanna, General Secretary, Nehru 
Centre, who not only provided the financial support for this work 
from Nehru Centre but also gave us constant encouragement and 
guidance. He has been good enough also to contribute a Foreword 
to this publication. We are also thankful to Shri N.V.K. Murthy, 
Chief Executive, Nehru Centre, for all the help extended by him 
towards the publication of this volume. 

We are greatly beholden to several institutions and scholars whose 
publications have been of use in this compilation. Among the former, 
we would like to make a special mention of the Indian National Science 
Academy, New Delhi, the Vishveshvaranand Institute, Hoshiarpur, 
the Mathematics Department of the University of Lucknow, the 
Marthand Bhavan, Kurali (Panjab), the Bombay University Library 
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and the Adyar Library and Research Centre, Adyar, Madras. 
Among scholars who are no more with us, we are indebted to the 
late Prof. T.S. Kuppanna Sastry and Dr. Bina Ghatterjee, and among 
the other scholars, our heartfelt thanks are due to Professor K.S. 
Shukla, Dr. Arka Somayaji, Dr. S. D. Sharma, Dr. S. R. Sarma, 
Professor R.C. Gupta and Prof. V.S. Narasimhan for their permission, 
either oral or in writing, for using their translation in this Source-book 
whenever necessary. By way of acknowledgement, after every such 
translation, we have indicated the names of these scholars in abbrevia- 
tion. We are also thankful to Dr. (Miss) Mira Roy for her scholarly 
help extended to us. 

We are deeply appreciative of the devoted cooperation of the 
Shri B. K. Rao, Manager, Vasanta Press, Adyar, Madras, in under- 
taking the printing of this work at short notice. But for his organiz- 
ational efficiency and committed endeavours, this book of intricate 
composition and execution would not have come out of the press 
within a period of four months. We are also appreciative of the 
labours of the technical and other members of staff of Vasanta Press 
who have worked hard towards this publication. 

Madras, B. V. SUBBARAYAPPA 

November 7, 1985 K. V. SARMA 
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INTRODUCTION 



THE word 'astronomy' owes its etymology to the Middle English 
and the Old French term 'astronomie*, which, in turn, was derived 
from the Latin form 'astronomia 5 through the Greek word 'astronomos 5 
meaning c star-law\ The stars and the sky, of yore" as now, have an 
irresistible appeal td the human mind. Ever since the ancestral 
human being was able to stand erect and observe the sky above, he 
has been alike wondering and speculating on the luminaries of the 
sky. The Sun, the recurring sequence of day and night, the waxing 
and waning Moon at periodic intervals, the night sky embedded with 
countless glimmering stars, the appearance and gradual disappearance 
of certain bright objects (now called planets) must have not only 
excited but also stimulated early man to arrive at some sort of under- 
standing about their periodicity. When he settled down as a food- 
producer, his prolonged observations must have enabled him to relate 
his agricultural operations principally to the Sun and the Moon, as 
also to determine, albeit empirically, the cyclic seasons as well as the 
day and night timings. In course of time, specially when the civili- 
zations began to sprout in the river-valleys, there emerged an abiding 
interest in him in the heavenly bodies and the need for continuous 
observations leading to computations and recordings. 

The ancient civilizations of the Nile as well as of the Euphrates 
and Tigris, now designated as the Egyptian and the Mesopotamian 
civilizations, respectively, have left behind the recordings denoting 
their astronomical acumen. The Indus Valley civilization (fl. c 2350- 
1700 B.C.), the youngest but by far the largest of the three ancient 
civilizations, too has developed certain astronomical concepts and their 
practical applications. Nevertheless, no records of these have been 
found so far, except for a seal which, according to some scholars, may 
be suggestive of a lunar motion through an asterism. In any case, 
of the calendrical computations of the Indus Valley people, we have 
little information. 

As to the earliest sources of Indian Astronomy, then, one has 
perforce to look to the four Vedas and the Vedic literature. The word 
jyotisa in the Vedic literature connotes 'astronomy 5 (also astrology 
later) which was recognised as the foremost of the six auxiliaries of the 
Veda. The earliest Vedic text on astronomy, the Veddnga-Jyotisa, 
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emphatically states that 'just like the combs of peacocks and the crest 
jewels of serpents, so does jyotisa stand at the head of the auxiliaries 
of the Veda.' The Vedic life was noted for the performance of several 
sacrifices at prescribed times, thus forging a relationship between the 
performer of sacrifices (microcosm) with the heavens (macrocosm). 
There were monthly rituals like the Darsapurnamdsa and seasonal rites 
like the Cdturmdsya. The sacrificial session called the Gavdmayana was 
specially designed for the daily observation of the movements of the 
Sun and of the disappearance of the Moon, and this must have given 
the priests sufficiently precise knowledge about the astronomical 
elements. We have evidence to show that even knowledge of a special 
kind, like the Saws of the Greeks, for predicting the eclipse, was 
possessed by the priests of the Atri family. According to the Veddnga- 
Jyotisa 'one learned in the Vedas who has also learnt the lore of the 
movement of the Moon, the Sun and the Stars, will enjoy, after death, 
a life in the world wherein the Moon, the Sun and the Stars move, 
and he will have also, on the Earth, an unending line of progeny'. In 
other words, jyotisa or the science as astronomy, was an integrated part 
of the life of the Vedic people of whom the Vedic priests were well 
versed in astronomy. The astronomical knowledge was needed by 
them, apart from the sacrifices, for festivities, marriages, sowing of 
seeds and the like — a tradition continuing even to this day. 

Though the Veddnga-jyotisa is, as noted before, the earliest text 
in India exclusively devoted to astronomy, the four Vedic samhitds (the 
jfigveda, the Yajurveda, the Sdmaveda, and the Atharvaveda) , the Brdhmanas, 
the Aranyakas and the Upanisads contain a good deal of astronomical 
knowledge. As to the Veddnga-jyotisa itself, there are two recensions — 
the Rgvedic one containing 35 verses, and the Tajurvedic having 43 
verses. Like the five other auxiliaries of the Veda, namely, phonetics 
(Siksa), ritual {Kalpa), grammar (Vydkarana), etymology (Mrukta) and 
metrics (Chandas), the Veddnga-jyotisa is in an aphoristic form or the 
sutra style — a style noted for its depth of contents. To quote Winternitz : 
"there is probably nothing like these sutras of the Indians in the entire 
literature of the world". 

The astronomical knowledge of the Vedic literature may be 
summarised thus: The universe was conceived as of three distinct 
parts — the earth (prthvi), the firmament (antariksa) and the heavens 
(dyaus). The Sun was regarded as the most important heavenly 
object and its path, the ecliptic, was considered sacred. The Moon 
was the next most important and became the obvious choice for time- 
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reckoning. It was referred to as mdsakrt ('maker of the month')— - 
the interval between two consecutive new moons or full moons. 
There were two systems of month-reckoning, namely, the amdnta and 
the purnimanta, ending with the new moon and the full moon, respec- 
tively. The Moon's path was observed in relation to the 27 or 28 
naksatras or asterisms and the lunar zodiac was well determined- 
There is no denying the fact that, although there were lunar zodiac 
presentations in Babylonia, China and Arabia, the method and the 
manner adopted by the Vedic priests unmistakably point to their 
originality. The names of the lunar months were given on the basis 
of the naksatra in which the full moon occurred. The twelve lunar 
months were divided into six seasons of two months each. There were 
also special names for the solar months, (see the text below 7, 1.8-9) 

A month was divided into two parts or paksas, the bright half and 
the dark half of one lunation, each paksa having 15 tithis, an ingenious 
devise, which is characteristically Indian, for calendrical purposes and 
the names of the paksa following the Sanskrit ordinals. A day was 
regarded as consisting of 30 muhurtas, (the longest at the summer 
solstice being 18 and the shortest at the winter solstice 12 muhurtas). 
Intercalation at regular intervals was known for luni-solar annual 
calendrical adjustments. The Vedic priests possessed specific knowl- 
edge of the solstices and the Svarbhanu legend points to their obser- 
vation of the solar eclipses. The Atri family of priests seems to have 
specialized in the observation of both the lunar and solar eclipses. 

The Veddnga-jyotisa conceived of a cycle of five years, a luni-solar 
cycle called the yuga, at the beginning of which the Sun and the Moon 
would lie at the starting point of the naksatra Dhanistha. During 
this period, there would be 5 revolutions of the Sun, 67 Moon's sidereal 
and 62 synodic months; 1830 savana or civil days; 1835 sidereal days, 
1800 solar days and 1860 lunar days or titfris. The civil day was 
divided into 30 muhurtas: 1 muhurta into 2 nddikas: 1 nddikd into 10 1/20 
kolas \ 1 kala into 124 kdsthds; and 1 kdsthd into 5 aksaras. The text, 
in a succinct manner, mentions the 27 naksatras , \0 ay anas and visuvas 
and 30 rtus— all in an archaic, aphoristic language. The object of 
dividing the day into 124 parts was to have the ending moments of 
the tithis in whole units; likewise of the naksatras. Each naksatra was 
conceived in terms of 124 parts. Since there axe 1830 civil days in a 
five-year period, the year would consist of 366 days each; the rtus 
(when divided by 6) would have 61 days, and each ayana, 183 days. 
Two intercalary months were thought of, one at the end of the fifth 
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ayana and the other at the end of the 10th, for luni-solar adjustments. 
To make the calendricai computation more accurate, the day-length 
was considered to change by 6 muhurtas, in one ayana , i.e. the daily 
change would be 6/183 or 2/61 muhurtas. 

The later Hindu works like the Gargasamhitd and the Paitamaha 
as well as the Jaina works like Suryapannatti and Jyotisakaranda follow 
the same system as that of the Vedanga-jyotisa. However, the Paitamaha 
thinks of the Vyatzpdta-yoga in addition, and the Jaina works indicate 
the winter solstice to be in Sravana instead of Sravistha by including 
Abhijit as the terminal of the zodiac. The Jaina astronomy, in tune 
with its cosmography, conceived of two Suns, two Moons and two 
sets of naksatras. The ecliptic was divided into 28 parts, beginning 
with the naksatra Abhijit. The Suryapannatti has some curious state- 
ments concerning the movements of planets, the Sun and the Moon 
as well as of the stars. 

The Veddnga-jyotisa is attributed to Lagadha who might have 
codified the astronomical knowledge which was in vogue for several 
centuries before him. The classical language employed in the text 
as now available indicates that Lagadha's work should have been 
redacted by a later person in about 400 B.C. 

While the astronomical computations enunciated in the Veddnga- 
jyotisa continued to be in use for a long time, possibly during the few 
centuries preceding the Christian era, there was emerging a new class 
of astronomical literature called the Siddhdntas. An important 
development was the gradual replacement of the naksatra system by 

the 12 Signs of the zodiac, Mesa, Vrsabha, Mithuna Mina, similar 

to the animistic notions of the Babylonians and from them of the 
Greeks. With the invasion of India by Alexander the Great in the 
fourth century B.C. and the subsequent Hellenic and the Hellenistic 
or Greco-Roman contacts with India, conceivably the astronomical 
elements of the former should have influenced the Indian culture- 
area. Such elements included the length of the year, planetary 
motions, calculation of solar and lunar eclipses, ideas of parallax, 
determination of mean longitudes etc. Another notable aspect was 
that, during this period and a few centuries after the Christian era, 
the Indian culture-area developed new mathematical methods, many 
of them for promoting astronomical calculations. The result was 
that the Indian astronomers were able mathematicians too and the 
mathematicization of astronomy added a veneer of accuracy to the 
study of several astronomical phenomena. 
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The newly emerging siddhdntas were in the nature of rules or the 
enunciation of methods for arriving at solutions of the concerned 
astronomical problems. According to the Indian traditional belief, 
there were principally eighteen such siddhantas, namely, the Surya, 
Paitdmaha, Vydsa, Vdsistha, Atri, Pardsara, Kdsyapa, Ndrada, Gdrgya, 
Marici, Manu, Angira, Lomasa (or Romaka), Paulisa, Cyavana, Yavana 
(or the Greek), Bhrgu and Saunaka. Five of these Siddhantas, viz., the 
Saura, the Paitdmaha, the Vdsistha, the Romaka and the Paulisa were ably 
codified by Varahamihira in his Pancasiddhdntikd (c. 505 A.D.) who 
has emphasized that the Saura was the most accurate of them all. 

The Saura, also called the Surya Siddhanta, has no human 
authorship associated with it. It is possible that it represents the 
contributions of more than one author and over a period of time. It 
has the Sdnkhya principles in its cosmogony and its own conception of 
the Yuga. Varahamihira might have incorporated certain aspects of 
Aryabhata's Ardhardtrika system into it. The Modern Surya Siddhanta 
now current has also certain elements of Brahmagupta and others, 
and possibly it might have taken its present form during the sixth to 
the twelfth century. 

In Varahamihira's Saura, a period of 180,000 years has been stated 
in which there would be 66,389 intercalary months and 1,045,095 
omitted lunar days, thus giving 65,746,575 days in that period or the 
yuga. The Modern Surya Siddhanta elaborates upon the kalpa or 
mahdyuga (or Yuga) of 4,320,000 years (i.e., 24 times 180,000), sub- 
dividing the latter into Krta, Tretd, Dvdpara and Kali ages in the 
descending order of 4:3:2:1 ('000 divine years) with periods (sandhyas) 
of both twilights for transition from one age to another in tune with the 
postulates of the Purdnas and the Smrtis. Thus, Krta (4000+400+400), 
Treta (3000 + 300 + 300), Dvdpara (2000 + 200 + 200), and Kali 
(1000+ 100+ 100) constitute a total 12,000 divine years. A divine 
year was regarded as being equal to 360 solar years and hence the 
mahdyuga would be equivalent to 4,320,000 (12000x360) solar years. 
The concept of kalpa or mahdyuga in Indian astronomy will be briefly 
dealt with later. 

The Modern Surya Siddhanta, in its 14 chapters, deals with, among 
others, the mean motion of the planets, their true positions, solar and 
lunar eclipses, planetary conjunctions, heliacal rising and setting of 
planets, cosmogony, time-reckoning, and astronomical instruments. 
As to the cause of planetary motions, the text continues to expound 
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that they are impelled by a wind called Pravaha uniformly, and that 
an invisible divine force pulls or pushes them at their perigees so as to 
make their motions become variable. The planets were believed to 
have been attached to invisible cords of air at the perigees and the 
nodes. As to the notion of equinoxes, the text adopted the theory 
of libration of equinoxes and expounds that, in a mahdyuga, the number 
of oscillations of the equinoxes about a fixed point, like the swing of a 
pendulum eastward and westward, would be 600 and that the maxi- 
mum eastward or westward deviation would be 27° which works out 
to a precessional rate of 54" (modern value is 50.25"). To this aspect 
we shall return later. It may be emphasized that the Surya Siddhdnta 
has been an important textual source for the traditional Indian 
astronomers, mainly in north India especially for their calendrical 
computations. There have been a large number of commentaries 
on this text composed even up to the eighteenth century A.D. 

In respect of the other four siddhantas f the Paitdmaha is the least 
accurate. Its astronomical elements are more or less similar to those 
of the Veddnga-jyotisa. The Vdsistha is somewhat better inasmuch as 
that in addition to the naksatra system, it deals with a zodiac and its 
subdivisions in considerable detail. It also contains certain rules for 
determining day-lengths, anomalistic months etc., besides presenting 
the true motions of the five planets (Venus, Jupiter, Saturn, Mars and 
Mercury), including their direct and retrograde motions. According 
to this text, the length of the solar year works out to 365.36 days 
approximately and the sidereal year-length is 365 1/4 days. 

The Paulisa, according to Varahamihira, is accurate. It has 
astronomical calculations for ahargana or the number of civil days 
elapsed from a particular time to a chosen date, derivation of the 
mean positions of the Sun and the Moon from ahargana, and on to 
their true places, thereby revealing a knowledge of the anomoly and 
equations of the centre. The text as also sine tables, the radius 
adopted being 120' instead of 3438' generally used in other astrono- 
mical works. The calculations concerning the eclipses are far from 
being accurate. The length of the solar year, according to this text, 
works out to 365.2583 (43,831 civil days in 120 years). The Paulisa- 
siddhdnta seems to have undergone some modifications in course of 
time and was one of the sources for an account of Indian astronomy 
by al-Biruni who regarded Paulina as a Greek form the city of 
Alexandria (Sachau, I, p. 153). 
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The Romaka (possibly pointing to its Hellenistic source) postulates 
a luni-solar cycle of 2,850 years consisting 1,050 intercalary months, 
and 16,547 omitted lunar days. The lengths of the year (365 days 
5h 55' 12") and of the synodic month (29 days 12h 44' 2.2") are more 
or less similar to those found in the works of Hipparchus and Ptolemy. 
From the number of years of a luni-solar cycle and of the intercalary- 
months, it would seem that the text was well aware of the Meton's 
cycle of 19 years (c. 430 B.C.). Another aspect of the text is that it 
deals with the equations of the centre of the Sun and the Moon. While 
the values for the Sun are practically in agreement with those given 
by Ptolemy, there is some variation concerning the Moon. 

The three or two centuries before and after the Christian era were 
an important period in the Indian social as well as religio-philosophical 
developments. Buddhism, which had a substantial hold on the masses, 
was prone to undergo certain changes leading to the Mahayana, which, 
in turn, was incorporating into itself certain esoteric elements. Jainism 
too was streamlining itself with its new epistemological methods 
concerning matter, motion, space, time and soul. Both had fostered 
rigorous religious rites and practices. The orthodox Brahmanical 
hold on the society was equally rigorous with many stratified injunctions 
for the caste-ridden society. New sub-castes were emerging and they 
were required to follow the prescribed ways of living, both social and 
religious. In this socio-religious mileu, the priestly endeavours in 
determining the astronomical elements for a wide variety of socio- 
religious activities like marriages, birth and death ceremonies, festivals 
or worshipping times, occupied an important position. In addition, 
the native astrology began to establish itself during this period. The 
concepts of week, its names in terms of planets and their influence on 
the human beings — concepts which probably owed their inspiration to 
those of the Hellenistic areas— began to wield influence practically 
on all segments of the society. A meticulous observation of planets, 
their movements and their computation as accurately as possible, 
became a felt necessity. 

David Pingree who has carried out an extensive survey of the 
literature on Indian astronomy states: "At present there exist in India 
and outside of it some 1,00,000 manuscripts on the various aspects of 
jyotHisastra. The great majority of these were copied within the 
seventeenth, eighteenth and nineteenth centuries; for manuscripts 
cannot long survive in India except under exceptional circumstances. 
We have, therefore, essentially those texts selected for study or 
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composed by the scholars of the Mughal and British rajyas. Since 
the copying of the manuscripts is virtually dead in modern India, 
many of thess estimated 1,00,000 manuscripts will soon disappear, 
and the possibility of our achieving a reasonably accurate assessment 
of the continuity, development, and transformation of the astral and 
mathematical sciences in India, will be correspondingly diminished. 
But even without this appalling prospect, we must be constantly 
aware of the arbitrary way in which was made the selection of texts 
and commentaries preserved in today's libraries." (A History of 
Indian literature'. Jyotihsastra: Astral and Mathematical literature, p. 118). 
While one may not agree with Pingree in respect of what he calls 'the 
arbitrary way of selection', his admirable survey reveals the enormous 
wealth of the source-materials. 

Pingree divides the history of Indian astronomy into five periods, 
namely (i) Vedic (1000—400 B.C.); (ii) Babylonian (ca. 400 B.C.— 
200 A.D.); (iii) Greco-Babylonian {ca. 200—400 A. D.) ; (iv) Greek 
(ca. 400—1600 A.D.); and (v) Islamic (ca. 1600— 1800 A.D)., 
'depending', as he puts it, 'in most cases on the foreign origin'. He 
states further, "though the fundamental approach and many of the 
models and parameters of each period were determined by the foreign 
sources, the basic traditions of Indian astronomy imposed on these external 
systems its peculiar stamp, and transformed the Science of Mesopotamia, Greece, 
or Iran into something unique to India." (op.cit. pp 8-9). Inherent contra- 
dictions apart in the aforesaid statements, an objective examination 
of the major Sanskrit sources of Indian astronomy doubtless points out 
that the Indian astronomers had their own originality, developed 
their observational and computation methods along with the necessary 
mathematical aspects in which also they displayed originality. They 
possessed an open-mindedness, a characteristic of scientific attitude, 
and a receptivity to the astronomical ideas of other culture-areas. But 
at the same time, as Pingree concedes, they had their own basic 
tradition which enabled them to develop the science of astronomy on 
mathematical grounds . In any case , of the most important intellectual 
endeavours in India for a long time, was indeed astronomy, as evid- 
denced by the surviving wealth of manuscripts numbering about 
100,000, as stated before. 

The richness, flexibility and the rationale of the Sanskrit language 
were such that they nurtured the scientific terminology in general and 
that of astronomy and mathematics in particular. Apart from a 
wide range of technical terms for denoting various astronomical 
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phenomena as well as the concepts and their explanation^ the Indian 
astronomers who, by and large, were also mathematicians, displayed 
their ingenuity in devising terms for numbers and mathematical 
operations. Such a device was needed for capsuling the scientific 
aspects, by and large, in metrical form. This called for an expertise 
in Sanskrit and an innovation in communication. Precision and 
brevity had a great appeal to the authors. In fact, Aryabhata I (born 
A.D. 476) produced his work, the Iryabhatiya, in the form of 121 verses 
enunciating his own alphabetical system for numbers. This is the 
earliest extant mathematics based astronomical work of great impor- 
tance in the history of Indian mathematics and astronomy. 

In addition to a high level of linguistic attainment, the Indian 
astronomer had to be proficient in the different systems of measurement 
of time like the civil and the solar, the sidereal and the lunar, plajaetary 
motions, ahargana calculation, deductions and reductions from the 
gnomonic shadow, parallax, eclipses and a host of other aspects as 
detailed in the Brhatsamhitd of Varahamihira (see below, pp. 9-10). 
He had to possess the ability to forecast, by calculation, the times of the 
commencement and ending, direction, magnitude, duration, intensity 
and colour of the eclipses of the Sun and the Moon as well as the 
conjunctions of the Moon with the five Tdragrahas or non-luminous 
planets and the planetary conjunctions. Various qualifications for 
an expert astronomer were also stipulated in terms of his proficiency. 
He was expected to draw and demonstrate for the understanding 
of his students the diagrams for the computation of astronomical 
phenomena. His concern for accuracy was indeed great, as evidenced 
by the corrections which he had to determine by experimentation 
from time to time. He was to be a keen observer of the planets over 
long periods of time. The recordings by Paramegvara, an astronomer 
of Kerala, of the eclipses over a period of 55 years reveal the importance 
attached to observations as well as the methodology associated with 
them. (See below, pp. 13 ff.) 

Astronomers 

All these assiduously nourished a viable tradition, which, from 
about the fifth century A.D. onwards, produced a galaxy of astrono- 
mers. It is well nigh impossible to list even the more important of 
them whose number is legion and whose works run into thousands. 
A special mention, might, however, be made of the following astrono- 
mers, their major works being indicated within brackets. . 

5th-6th century: Kxya.bha.tsi I {Aryabhaiiya and Aryabhatasiddhdnta i 
the latter available only in quotations and redactions) . 
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6th century \ Prabhakara, pupil of Aryabhata; Varahamihira 
(Pahcasiddhdntikd and Brhatsamhitd) . 

6th-7th century: Bhaskara I (Mahdbhdskariya, Laghubhdskariya and 
Aryabhatiya-bhdsya) ; Brahmagupta (Bfahmasphutasiddhdnta and Khanda- 
khddyaka); Haridatta (Grahacdranibandhana) ; Devacarya (Karqnaratna) . 

8th-9th century: Lalla (Sisyadhivrddhidatantra) ; Govindasvamin 
(Mahabhdskariya-bhdsya) ; Sankaranarayana (Laghubhdskanya-vivarana) ; 
Prdhudakasvamin (Brahmasiddhdnta-Vdsandbhdsya and Khandakhddyaka- 
vivarana) . 

70*A century: Vatesvara (Vatesvarasiddhdnta) ; Munjala (Laghumdnasa) ; 
Sripati (Siddhantasekhara) ; Aryabhata II (Mahdsiddhdnta) ; Bhattotpala 
(Khandakhddyaka-vydkhyd and Brhatsamhitdvyakhyd) ; Vijayanandin 
(Karanatilaka) . 

7i*A century: Somesvara (Aryabhatiya-vyakhyd) ; Satananda (Bhdsvatt) 

12th century: Bhaskara II (Siddhantasiromani with Vdsandbhdsya, 
Karanakutuhala) ; Mallikarjuna Suri (Suryasiddhanta-vydkhyd) ; Surya- 
devayajvan (Aryabhatiya-Prakasika and Laghumdnasa-vydkhya) ; 
Candesvara (Suryasiddhdnta-bhdsya). 

13th century: Amaraja (Khandakhadyaka-Vdsandbhdsya) . 

14th century: Makkibhatta (Gantiabhusana) ; Madhava of Sangama- 
grama (Sphutacandrapti, Aganitagrahacdra, Venvdroha) ; Madanapala 
(Vdsanarnava on the Suryasiddhdnta) ; Viddana (Vdrsikatantra) . 

15th century: Paramesvara (Drgganita, Goladipikd, Grahanamandana, 
Grahananydyadipikd, Candracchdydganita, Aryabhatiya-vydkhyd Bhatadipikd, 
Mahdbhdskariya-vydkhya, Laghubhdskariya-vydkhyd, Suryasiddhdnta-vydkhyd 
and Mahdbhdskariya-bhdsya-vyakhyd),; Yallaya (Aryabhatiya-vydkhyd, 
Jyotisadarpana, Laghumdnasa-kalpataru and Kalpavalli on the Sw^z- 
siddhdnta) ; Ramakrsna Aradhya (Surydsiddhdnta-subodhini) ; Gakradhara 
(Yantracintdmani) ; Nilakantha Somayaji (Jyotirmimamsd, Golasdra, 
Candracchdydganita, Siddhdntadarpana, Tantrasangraha and Aryabhatiya- 
bhdsya) . 

16th century: Jyesthadeva (Yuktibhdsd, Drkkarana) ; Sarikara Variyar 
[Karanasdra, Tantrasangraha- Yuktidipikd); Bhudhara (Suryasiddhdnta- 
vivarana) ; Tammayajvan (Grahanddhikdra, Suryasiddhdnta-Kdmadogdhri) ; 
Ganesa Daivajna (Grahaldghava, Tithi-cintdmani, Pratodayantra and 
Siddhdntasiromani-vydkhyd); Acyuta Pisarati (Karanottama, Sphutanirnaya 
with Vivarana, Uparagakriydkrama, Rdsigolasphutdmti) ; Rama (Ztama- 
vinada). 
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17 th century: Visvanatha (Grahandrthaprakdsikd, Grahaldghavatikd, 
Karanakutuhala-Udaharana) ; Gandidasa (Karanakutuhala-tika) ; Putu- 
mana Somayaji (Karanapaddhati , Pancabodha, Nyayaratna) ; Nityananda 
{Siddhantaraja and Siddhandasindhu) . 

18th century: Maharaja Sawai Jayasimha {Yantrardjaracand, Jaya- 
vinodasarani) ; Jagannatha Samrat (Samrdtsiddhdnta) . 

19th century: Sahkaravarman (Sadratnamdld) . 

The Indian astronomical literature in Sanskrit and allied 
languages can be broadly classified into Siddhdntas, Karanas and 
Kosthakas, besides those which deal specially with the astronomical 
instruments (yantras). The Siddhdntas^ some of which are large and 
many others small, are in the nature of composite texts concerning 
several astronomical aspects including the fundamental principles 
on which they are based and commencing their computations from the 
beginning of the Kalpa or Tuga. The Karanas are noted for their 
practical rules specially for computational purposes. They do not 
attempt to compute the motion of the planets from the beginning of 
the Kalpa or the Tuga, but take a contemporary epoch as the starting 
point for calculation. Besides, except for the Moon's, the longitudes 
of the apogees and nodes of the planets are regarded by them as fixed. 
The Grahacdranibandhana of Haridatta (c. 650-700), Karanaratna of 
Devacarya (fl. 689), the Karanatilaka of Vijayanandin (10th century), 
Karamprakdsa by Brahmadeva (11th century), Bhdsvati by Satananda 
(11th century), Karanakutuhala by Bhaskara II (12th century), Graha- 
laghava of Ganesa Daivajna (16th century), Rdma-vinoda by Rama 
(16th century); Suryaprakdsa-karana by Visnu (17th century) and the 
Karana-vaimava by Sankara are among the noted works of the Karana 
literature which is indeed vast. 

Certain types of astronomical tables which are computed with a 
view to aiding the computation of planetary positions are called the 
Kosthakas or Sdranis. These are helpful specially to those practising 
astrology as well as those preparing pahcdngas or almanacs. Such 
planetary tables have been prepared and presented in ingenious ways. 
The early examples of the planetary tables are Grahajndna by 
Asadhara (epoch: 20th March 1132); Laghukhecarasiddhi by Sridhara 
(epoch: 20th March 1316); Makaranda by Makaranda (epoch: 27 
March 1478); and Khetamuktdvalt by Nrsimha (epoch: 31 March 
1566). Pingree has noticed 19 such planetary tables in his work 
cited above. 
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He has also given a good account of the second category of Kosthakas 
which present the beginnings and ends of tithis, naksatras and yogas 
which are useful for religious observations. In addition, there are 
astronomical tables intended for computing lunar and solar eclipses 
(op. ciu, 42-46). 

As Pingree has pointed out after ably analysing a large number of 
astronomical texts, there developed gradually in India five main 
paksas — the Brahma, the Arya, the Ardhara trika, the Saurya and the 
Ganesa (daivajna), some texts of course, not falling under any of these 
paksas {op . ext. , pp . 1 3- 1 6) . 

Main conceptual aspects of Indian astronomy 

As already noted, the Indian astronomers conceived of a huge 
period of 43,20,000 years called a mahdyuga or caturyuga and even a 
period 1000 times longer, i.e., 43,20,000,000 years called a Kalpa. 
In the Saura and the Brahma schools, the kalpa is regarded as being 
equivalent to 14 manvantaras, a manvaniara being equal to 71 maha- 
yugas or 306,720,000 years to which must be added 15 sandhis, each 
sandhi being 17,28,000 years, which again is equal to the period of 
Krtayuga. According to the Ardharatrika system of Aryabhata, the 
kalpa consists of 4,354,560,000 years but equivalent to 14 manvantaras, 
each manvaniara being composed of 72 mahayugas. Thus the kalpa 
consists of (14x72) 1008 mahayugas. In this system also, a mahdyuga 
is equal to 43,20,000 years. However, here, the four ages, namely, 
Krta, Tretd, Dvdpara and Kali, are regarded as being of equal duration 
(each having 1,080,000 years), unlike in the Saura and Brahma, where 
they are in the ratio of 4 :3 :2 : 1 with sandhis. 

Rotations of the planets in a Mahayuga 

Brahma Arya Ardhara- Saura Adjusted 

trika Saura 

Saturn 146,567.298 146,564 146,564 146,568 146,580 

Jupiter 364,226.455 364,224 364,220 364,220 364,122 

Mars 2,296,828.522 2,296,824 2,296,824 2,296,832 2,296,832 

Venus' slghra 7,022,389.492 7,022,388 7,022,388 7,022,376 7,022,364 
Mercury's 

sighra 17,936,998.984 17,937,020 17,937,000 17,937,060 17,937,076 

Moon 57,753,300.000 57,753,336 57,753,336 57,753,336 57,753,336 

Lunar node —232,311.168 —232,226 —232,226 —232,238 —232,246 

Source: David Pingree, Op. cit., p. 15 

Such a huge period for computing the mean motion of planets is 
peculiar to Indian astronomy and it was the ingenuity of the astrono- 
mers to develop methods of calculation in relation to this huge period, 
evidently to avoid decimal fractions concerning intercalary months, 
omitted lunar days, civil days and the like. 
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The Indian traditional astronomy is essentially geo-centric and 
geo-static inasmuch as the Earth is considered to be a stationary sphere 
at the centre of the solar system. The Sun, the Moon and the planets 
have a motion of their own frorrl west to east while the asterisms or 
the stellar sphere is considered to have their motion from east to west, 
as a result of which the former are supposed to fall behind the latter. 
This geocentric and geo-stationary view was for the first time modified 
by Aryabhata I who, while maintaining the geo-centric idea, conceived 
of a direct rotation of the Earth about its axis, and even gave a precise 
rate of rotation stating that the Earth rotates through an angle of one 
second in one prana of time (see below p. 26). He explained the appa- 
rently retrograde or westward motion of the stationary asterisms by 
giving an example: "Just as a man in a boat moving forward sees the 
stationary objects on either side of the river as moving backward, so 
are the stationary stars seen by people at Lanka, as moving exactly 
towards the west". This concept of Aryabhata I was opposed by the 
other succeeding leading astronomers like Varahamihira and Brahma- 
gupta, while his own commentator, Bhaskara I tried to explain it 
by giving a different interpretation so as to be in tune with the geo- 
centric and geo-stationary idea. 

The Indian astronomers conceived of the celestial sphere in all 
its details— the zenith, the nadir, the horizon, the prime vertical, the 
hour circle, the meridian, the ecliptic, the celestial equator and the 
inclination of the ecliptic to it, the celestial poles etc. Brahmagupta 
explains the concerned circles as follows: One circle called the Sama- 
mandala (prime vertical) has its plane stretching east and west; 
another lying north and south is known as Tdmyottara-vrtta (the meri- 
dian) ; the Ksitija (horizon) encircles these two like a girdle. The 
observer on the Earth is situated at the Centre common to these 
circles {Br. Sp. Si., Gola. 48). Likewise, Aryabhata I, Brahmagupta, 
Varahamihira, Lalla and other leading astronomers have vividly 
explained the different parts of the celestial sphere and in relation to 
the observer. In general, the Indian astronomers, through calcula- 
tions of their own, have arrived at the obliquity of the ecliptic with 
the celestial equator as 24° which forms the basis of their other 
computations. 

The Celestial Sphere has been divided into 12 rasis or Signs 

(Mesa, Vrsabha, . Mina). The motions of the planets, the 

reasons for their very slow, slow, fast and very fast motions, and their 
retrograde or transverse movements as observed, have been dealt 
with in a lucid manner, all expectedly within the geo-centric framework. 
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In this connection, it may be desirable to reflect in brief on one 
conceptual aspect of astronomy in the Hellenic and the Hellenistic 
culture-areas. Aristorachus of Samos, known as 'Copernicus of 
Antiquity' had expounded the idea of the Sun being the stationary 
centre of the system (heliocentric), a view which, to some extent had 
originated among the Pythagoreans earlier. Nevertheless, the geo- 
centric and geo-static concept prevailed and, in the third century B.C., 
probably Apollonius of Perga developed the eccentric and epicyclic 
models for explaining the diverse planetary motions. Later, Hippar- 
chus (2nd century B.C.) used these geometric models to explain the 
solar and lunar inequalities. But, the most important was the 
development of planetary theories, using these models, by Ptolemy 
(2nd century A.D.) and the Ptolemiac system ruled the minds of 
astronomers for centuries to come. In view of the commercial and 
other contacts which the Indian culture-area had with the Hellenistic 
or the Greco-Roman world then, as stated before, it is not unlikely 
that the eccentric and epicycle concepts found favour among the 
receptive Indian astronomers. In any case, the application of such a 
concept is found in the Aryabhatiya. Varahamihira appears to have 
used it in recasting the older Saurasiddhanta in his Pancasiddkdntikd. 
Later, Brahmagupta also adopted it, but used the hypotenuse for the 
correction of conjunctions and the radius as an approximation fcr 
finding out the equation of the centre, while Aryabhata I used the 
hypotenuse for determining both the equation of the centre and for 
correcting conjunctions. Such methods of adaptation not only reveal 
the ingenuity of the Indian astronomers but also their open-minded- 
ness towards assimilation of new concepts from outside. 

However, Kuppanna Sastry has a different view on this problem. 
Posing the question: 'Did the Hindu astronomers borrow these ideas 
(i.e. eccentric-epicydic) from the Greeks or did these occur to the 
Hindus naturally, as it had occurred to the Greeks', he writes: 
"We cannot answer this question with certainty. But an independent 
origin in India seems more probable, when we see that the clearly 
western and earlier Paulisa and Romaka (siddhdntas) did not have either 
of these theories, that the Hindu constants were different and better 
in general, that there was already the anology of the representation 
of the equation of the conjunction, which must occur to the astronomer 
naturally to explain the motion of the star-planets as seen from the 
Earth, and that the Hindus, having already a theory of the variant 
motion in the form of the pull or repulsion of the apogee on the planet, 
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required the epicyclic representation as a geometrical model, for which 
there would certainly be an urge." He has presented several more 
arguments relating to this subject {IJHS, 9 (1974) 37-41). 

In Indian astronomy, the first point of the naksatra Asvini (near 
the star zeta Piscium of Revati) is the fixed point from which the 
longitudes are measured. According to the Suryasiddhdnta, the longi- 
tudes of the planets were zero simultaneously 1,95,58,52,179 years 
before the commencement of the Saka era (which is reckoned from 
78 A.D.) and the apogees and ascending nodes of planets were all 
supposed to be at the first point of the naksatra Asvini. 

The mean motions of the planets computed by Indian astronomers 
in a period of 4,320,000 years in terms of complete revolutions has 
been referred to already. They also calculated the number of civil 
days in this period, thus forging a relation between the revolutions of 
each planet and the number of civil days. All the planets are supposed 
to have zero longitude at the beginning of the mahdyuga. The begin- 
ning of the Kaliyuga is an epoch which is presumed to have commenced 
on the midnight between February 17 and 18, 3102 B.C. The number 
of civil days elapsed from a given epoch is known as ahargana. The 
Indian astronomers had developed the methods of computing the 
mean longitude of a planet by multiplying the ahargam by the related 
revolutions of the planet and dividing the product by the concerned 
civil days. The Indian astronomers have also developed methods 
for determining the true longitudes of the Sun and the Moon as 
well as those of the other planets. As and when the necessity arose 
they had also devised elegant and reasonably accurate methods for 
the corrections like the deficit of the Moon's equation of the centre 
and the evection as also for the equation of time due to the obliquity 
of the ecliptic for all the planets. 

According to Kuppanna Sastry, it would be wrong to arrive at a 
conclusion that the longitudes given in the texts are polar. In his 
view, Indian astronomers "give the polar longitude for a specific 
purpose. For the sake of astrological predictions, the Moon, the Sun 
and the planets' conjunction in polar longitude is given; also to check 
their correctness in their positions by comparing them with the polar 
longitudes of the Star. For this purpose, most of the siddhantas give 
the coordinates of the star in polar longitude readymade, and this 
has misled the people." {IJHS, 9 (1974) 31-33) 
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Precession of equinoxes 

We have noted already that the Suryasiddhanta has dealt with the 
libration of equinoxes, i.e. an oscillation about the fixed point of 
Asvini. The text states that there are 600 such to and fro oscillations 
in a mahayuga of 4,320,000 years, the period of one such oscillation 
being 7200 years. The position, according to this text, would be that 
in the first 1800 years of Kali, it moved forward uniformly by 27° (to a 
point 20' beyond in respect of the star Bbarani and, then in the next 
1800 years, i.e. till (3600— 3 102= about 498 or 499 A.D.), it would 
oscillate backwards to the first point of Asvini, and this regression 
would continue till 2299 A.D. till it reached 27 c behind Asvini. 
Thereafter, it would start moving forwards. 

Astronomers like Aryabhata I, Brahmagupta and Lalla do not 
make any mention about the precession of equinoxes . Bhaskara I was 
even averse to such a concept, as he dismisses the idea of the precession 
of equinoxes held by the Romakas (Romakasiddkdnta) as not correct. 
Though Varahamihira was aware of the phenomenon, he had no 
inkling of the rate of precession. 

Devacarya, author of Karanaratna, who flourished in A.D. 689, 
appears to be the earliest astronomer to give a method for computing 
precession. Later, Vatesvara and Aryabhata II presented methods of 
their own in terms of solsticial points. (See below, pp. 179-80). In 
the tenth century A.D., Munjala in his work Laghumanasa (comment- 
ed by Munisvara) recognized the precessional motion, again in terms 
of 'ayanacalana\ (or movement of solisticial points) and gave the number 
of revolutions in a kalpa as 1,99,669 (which would give an annual 
^recessional rate of 59". 9). About the same time, Prthudakasvamin 
(commentator of Khandakhddyaka) gave the revolution of the ayam in one 
kalpa as 189,411, calling it the Ayanayuga; the rate of precessional 
motion according to this works out to 56". 82 per year. 

The position of Indian astronomy in relation to the precession 
of equinoxes has been succinctly stated by Kuppanna Sastry as follows: 
^Even the shifting of the Vernal Equinox from Mrgasiras to Rohini, 
and from Rohini to Krttika had been observed in the Vedic peirod. 
But this had not resulted in the idea of the tropical year as such, as 
distinguished from the sidereal year, so strong was the hold of the 
sidereal year upon the astronomical and calendric system of the age. 
This must be the reason why , even after knowing the continuous motion 
of the equinoxes, they considered the phenomenon oscillatory, i.e. 
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something temporary which would rectify itself by an equal motion 
in the opposite direction. Even if Munjala. gives it as continuously 
regressing, it can have no value unless he had adequate reason to know 
it for certain (and he had no reason, it could only be a guess), for the 
real cause of the phenomenon, viz. the behaviour of the Earth rotating 
like a spinning top in resisting the pull of the Sun, Moon and planets 
on the extra matter on its equatorial bulge, was not known at that 
period. 

"Another fact must be mentioned here. We have seen that the 
Hindu sidereal year, being more than 8 vinadis longer than the correct 
sidereal year, the point of Asvini itself has a progressive motion of more 
than 8" per annum. Since the correct precession is about fifty and a 
quarter seconds, the rate of precession with respect to the Hindu First 
Point must be more than 58 1/4", since the siddhantas advocate getting 
the precession by the observation of the Sun's shadow. Accordingly, 
Munjala and the later works give a rate of precession nearly equal to 
I' per annum, which is quite proper. It would be a mistake to 
suppose, as far as ancient Hindu works are concerned, that the nearer 
their rate of precession is to 50 1 /4" the more correct it is, e.g. it would 
not be proper to commend the Suryasiddhanta for its rate of precession 
of 54" per annum, on the ground that it is so near 501/4". (IJHS, 
9 (1974) 35-37). 

Eclipses, Rahu and Ketu 

The mythological view of Rahu devouring the Sun or the Moon, 
thus causing the eclipse, was current among the superstitious laymen 
and even among some astrologers cum astronomers. However, in 
the fifth century A.D. Aryabhata I gave an explanation for the eclipses 
in terms of the Sun being obscured by the Moon, and the shadow of the 
Earth obscuring the Moon. His junior contemporary, Varahamihira 
categorically stated that a lunar eclipse is caused by the entry of the 
Moon into the shadow of the Earth. (See below, pp. 196-97). Even 
so, he maintained the nomenclature of Rahu, stating that the ascending 
node is Rahu's head, and the descending node, Rahu's tail. Later the 
word pata began to be used for connoting the nodes. Yet, the word 
Rahu and Ketu are used in the technical sense of ascending and de- 
scending nodes in a number of astronomical texts. In some of the 
religious texts, the word Ketu also means either a comet or an earthly 
activity caused by the Sun. 

The Vdsisthasiddhdnta of the Pahcasiddhantikd which gives 
instructions concerning a lunar eclipse in terms of mathematical 



XXXV 



INTRODUCTION 



calculation as to how to determine the points of the first and the last 
contacts etc., does not deal with the solar eclipse which, however, is 
discussed in the Paulisa, the Romaka, and the Saura. The word 'Rdhu' 
is maintained for the node. As to the parallax, while the Indian 
astronomers have developed methods for the parallax correction, 
such methods are generally used in connection with the calculations of 
eclipses (and not for any other astronomical purpose), even so in terms 
of the relative differences. 
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The length and the diameter of the Earth's shadow, of necessity, 
were to be determined and the Indian astronomers had developed 
equations for finding then}. 

The Indian astronomers attached great importance not only to 
the detailed calculations concerning the occurrence and the duration 
of the solar and lunar eclipses but also to observe them carefully. 
For instance, ParameSvara has observed and recorded the lunar and 
solar eclipses that occurred during nearly fifty years. (See pp. 13-15). 
The rites and rituals to be performed during the eclipses, were, how- 
ever, in the realm of the religious texts. The inscriptional records of 
the eclipses generally mention religious acts, including gifts made by 
rulers and chieftains, following the religious commandments. (See 
below, pp. 239-40). These records, however, have not been studied in 
detail from the astronomical point of view. 

Trigonometrical aspects 

The Indian astronomers-cum-mathematicians have adopted the 
half-chord {jyardha, terming it generaly as jya), unlike the Greco- 
Roman astronomers who used the full chord and used certain assumed 
units for the radius, computing the half-chords and the arcs in the same 
units. Thus the Indian half-chords or jya are R sines. Aryabhata 
I has taken the circumference to be 21,600 units, and the radius 
becomes equal to 3438 units. While this system has been followed 
by many astronomers, others have adopted some different units. For 
example, Varahamihira has adopted 120 units. The half-chord 
values in the former case are 3438' sin 6 and those in the case of the 
latter are 120' sin 0. (See below, p. 71). In general, the R sines are 
tabulated for intervals of 3° 45', i.e. twentyfour of them for a quadrant 
(90°) and the methods or the rules for R sin 0, R versine * etc, are given. 
Such trignometrical computations are required for computing the 
equation of the centre as well as the equation of conjunction, by way 
of solutions of plane and spherical triangles with a view to determining 
the right ascensions, declination, polar latitude, longitudes of planets, 
length of day light, azimuth, zenith distance etc. 

Instruments 

Indian astronomers, realising the importance of observation, 
had developed several types of instruments for measuring time and for 
astronomical observations. These included different types of gnomon, 
spherical and circular instruments, water instruments etc. Some of 
the instruments, like the Phalaka and the Tasti, were noted for their 
versatility and ingenuity. (See below, sections 9 and 10 on Obser- 
vatories and Instruments, pp. 81-99). 
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The Eras 

In addition to what may be called the natural periodicity of the 
day, the month and the year, a continuously running era is required 
for the recording of dates. Till the eighth century B.C. or so, there 
does not seem to have been any agreed attempt to fix an era; instead, 
the day, the month and the regnal years of a king were in use for 
calendrical recordings. The Nabu Nazar (King of Babylon) era, 
though not used either by the Babylonians nor found even in the later 
recordings of astronomers like Hipparchus and Ptolemy, is said to date 
from February 26, 747 B.C., when there was a unique conjunction of 
planets. Following this era were other eras like the Greek Olympiads 
(776 B.C.) and Foundation of Rome (757 B.C.). 

Of interest to us are the Seleucidean and the Parthian eras. The 
former denoted the occupation of Babylon by Seleucus (312 B.C.) 
and the latter was in commemoration of the liberation of the Parthians 
from the Seleucidian rule in 248 B.C. Though the north-western part 
of the Indian sub-continent came under the Parthian suzerainty, 
there has been no tangible evidence yet regarding the use of the Parthian 
era in India. Even Asoka used his regnal years for recording. 
However, by the first century B.C. or so, the concept of an era seems 
to have entered India, probably deriving its inspiration from the 
Parthians. On the basis of the inscriptional recordings, there are 
more than 30 eras either used or in use in India. Of them, the 
Vikrama (57 B.C.), the Saka (78 A.D), the Hijri (622 A.D.) and 
Kollam (825 A.D.) are still being used. (Gf. the table of 'Indian 
Eras', with the indication of their zero-year, the current year in 1954, 
the year-beginnings and their provenance, given as App. I, below.) 

Transmission 

Indian astronomical texts and ideas were not without influence 
on the other culture-areas. In fact, not a few of them travelled beyond 
the frontiers of India, into China, Thailand, Indonesia and other 
south-east Asian regions as well as into the Islamic West Asia. Though 
the influx of astronomical texts into China started from the 6th century 
A.D. itself, it was during the Sui dynasty (A.D. 581-618) and the 
'Glorious period' of the Thang dynasty (618-907) that the process 
reached its height. R.C. Gupta has listed a large number of Indian 
texts which were translated into Chinese during this period ;and 
several Indian scholars who went to China and engaged themselves 
in this work. (See Tndian astronomy in China 5 , Vishveshvaranand Ind. 
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J/., 19 (1981) 266-72). The Indian calendrical system was papular 
also in Nepal, Tibet, Thailand, Java and other places. 

During the reign of Caliph al-Mansur, an Indian astronomer 
visited Baghdad, carrying with him the textual material concerning 
planetary tables, calculation of eclipses and the like, as evidenced by 
the account of Ibn al-Adami in his astronomical tables Nam al-igd. 
The interest in Indian astronomical texts evinced by the Caliph was 
so great that he ordered the Brdhmasphuta-siddhdnta and Khandakhddyaka 
of Brahmagupta to be translated into Arabic* Muhammed ibn 
Ibrahim al-Fazari rendered the former, and Ya'qub ibn Tariq, the 
latter into Arabic under the titles Sindhind and Arkand, respectively, 
understandably with the help of Indian pandits who had already 
established their reputation in the royal court. Aryabhata I was 
known to the Arab astronomers as £ Arjabahr\ The well-known 
astronomers like al-Khwarizmi, al-Hasan, al-Nairizi, ibn as-Saffar, 
ibn Yunis and al-Battani were quite familiar with the Indian astrono- 
mical computations and used them even in their works. Some of the 
Islamic zijes included the zero meridian of Ujjain, under the name 
'Arin', the Kaliyuga era, spherical trignometrical calculations etc. It 
may be noted that the Sanskrit word 'jyff or 'jivd 9 meaning half-chord, 
had got mutilated in its Arabic form, which in its Latin translation 
came to be called ' sinus \ and later 'sine'. 

The most outstanding scientific transmitter and synthesiser was 
al-Birum who came to India in the eleventh century A. D., stayed 
here for a considerable time and acquired intimate knowledge of Indian 
astronomy. Before he came to India, he had already an insight into 
the Indian astronomical endeavours, through the Arabic translations. 
He wrote many books in Arabic and his Ja'rikh al-Hind, is a classic and 
a veritable source for Indian astronomy of the times. 

The Islamic culture-area played an important role not only in 
the transmission of astronomical and other scientific ideas but also in 
engendering its scientific development. In astronomy, the Maragha 
school led by Nasir al-Din at-Tusi had established itself by the 
thirteenth century A.D. Later, an offshoot of this school flourished 
in Samarkand, of which Ulugh Bek was a well-known astronomer. 
He built there an observatory and compiled diligently certain sets of 
astronomical tables. During the Mughal period in India. Islamic 
astronomical elements became rather widely current. Earlier, in 
the fourteenth century, Mahendra Suri had incorporated Islamic 
elements into his Tantrardja and, during the Mughal period, Malayendu 
Suri produced a commentary on it. In the court of Abkar was 
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Nilakantha Jyotirvid who compiled a popular work called Tdjika- 
Nilakanthi, introducing into it a large number of Persian technical 
terms of astronomical import. 

The most important development during this period, however, 
was the erection of huge masonry observatories by Maharaja Sawai 
Jai Singh II in the second quarter of the eighteenth century, deriving 
inspiration from those in Sarmakand. He built observatories in 
Delhi, Jaipur, Ujjain, Mathura and Banaras. (See plates between 
pp. 88-89). Bapudeva Sastri has written a detailed description of the 
instruments installed by Jai Singh in the observatory at Banaras. 
(See below pp. 81-85). In his endeavours, Jai Singh had the expert 
assistance of the then well-known astronomer Jagannatha Samrat. 
Jagannatha ably rendered Ptolemy's Almajest into Sanskrit under the 
title Samratsiddhanta. Certain Jesuit missionaries were also associated 
with the astronomical endeavours of Jai Singh. 

As to the telescope, there is no doubt that Jai Singh used it for 
observing the Moon, the sun-spots and the moons of Jupiter and the 
like. Nevertheless, he appears to have relied more on the instruments 
erected by him, for his recordings, which wereme ticulously document- 
ed under the title %ij Muhammad-shahi, a text which still needs to be 
studied and evaluated in depth. There is also a Sanskrit version of 
this work. 

In the closing decades of the eighteenth century, came into being 
what was known as the Madras Observatory (1782), marking the 
beginning, in India, of systematic modern astronomical investigations. 
It made important contributions for well over a century and paved 
the way for the establishment of the Solar Physics Observatory in 
Kodaikanal (1900). As modern astronomical studies were in progress 
before Independence, astro-physics too emerged as an important 
scientific discipline. M.N. Saha was a pioneer in this field and his 
'Ionisation Formula 5 for explaining the orderd sequence of the spectra 
of stars, has been recognised as one of the ten fundamental contribu- 
tions since the use of the telescope by Galileo in 1608. 

Since Independence, not only have the earlier observatories 
been developed, but also new observatories have been set up. The 
investigations of Indian astronomers and astro-physicists have also 
received international acclaim. Side by side, the traditional Indian 
astronomy continues to be an integral part of the socio-religious life of 
the people. 

B.V. SUBBARAYAPPA 
K.V. SARMA 
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1. Jl ffi|ck4l (clNH " ASTRONOMY 



l. l. l. wr fwr h^ii^h' ^iMtMi wm\ i 

(#K-FJ 35, TV-VJ 4) 

Astronomy — The foremost auxiliary of the Veda 

Just like the combs of peacocks and the crest jewels of 
serpents, so does Jyotisa (astronomy) stand at the head 
of the auxiliaries of the Veda. (35) . (KVS) 

1.1.2. 4<*IWI«K ^cM^tTT 

{Bhaskara II, SiSL, 1.1.9) 

The Vedic lore prescribes sacrifices to be performed; 
these sacrifices are based upon a knowledge of appro- 
priate times to perform them. This science of astronomy 
gives the knowledge of time; hence it has been reckoned 
as one of the six Vedarigas or auxiliaries of the Veda. 
(9). (AS) 

1.1.3. *|«KHtai W$ ^UdM Wft 

m<w*ia4 3n#|t: n <\<> \\ 

{Bhdskara II, SiSi., 1.1.1.10) 

(Out of the six Vedangas), the Science of Grammar 
is the face of the person of the Veda; the Science of 
Jyotisa, the eyes; the Nirukta, the ears; the Kalpa, the 
hands; the &iksa, the nose; and the Chandas, the 
feet. (10). (KVS) 

1.2.1. f| wr^Tf^rfr: 

+HM^ faffed I'M m\: I 

(/2K-FJ36; YV-VJ 3) 

Purpose of astronomy 

The Vedas have indeed been revealed for the sake 
of the performance of sacrifices; but these sacrifices 



have been set out (to be performed) according to the 
sequences of time. Therefore, only he who knows 
astronomy, the science of time, understands the sacri- 
fices. (36). (KVS) 

1. 2.2. W^-Ph^ ^ 1wr*T: 

(Vatesvara, VSL 9 1. 1. 4) 

It is this science (of astronomy) that has been re- 
garded as the crown of the Veda, for the reason^ that 
the Vedic sacrifices are performed at the specified times 
defined by ayana ('northward or southward course of 
the Sun'), season, tithi, parva ('full moon or new moon') 
and day etc., and the sacrificial altars, the cardinal 
points, the fire-pits (meant for offering oblation into 
fire) and the distances involved therein, etc., are to be 
correctly known (by the Vedic priests) ; and so this 
science stands highly honoured amongst the Vedic 
scholars. (4). (KSS) 

1.2.3. tfi^^Rd ^RkHcI I 

(YV-VJ 43) 

One learned in the Vedas, who has also learnt the lore 
of the movement of the Moon, the Sun and the stars, 
will enjoy, after death, a life in the world wherein the 
Moon, the Sun and the stars move, and he will have 
also, on the Earth, an unending line of progeny. (43). 
(TSK) 

^fdwitdHi Gnim: 

1.3.1. Ri4M-#f^TT-^l<I^M H^y^k<H+H I 

{Ndradiya-Sanihitd^ 1. 4) 

Division of JyotiSsastra 

The Science of Jyotisa, with the three divisions, Sid- 
dhanta, Samhitd and Hora ) is the unparalleled and clear 
eye of the Veda. (KVS) 
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1. 3. 2. *«MM4Hr*H ^[d^l^^KT I 

TNcf Hf^di ftrr ^fir H>«-y<^ ^ u K n 
=rft^fr nfw =^fir fent ^ ^ifadufad srt i 
$^T^rr Vt vrei«i^Rid fif ^din^t 1 1 =; 1 1 

(Prasnamarga, 1.1. 5-9) 

Jyotisa (in its fuller sense) comprises three sections 
(skandhas) and is divided into six branches. Ganita 
(Astronomy), Samhita (Electional astrology) and Hord 
(Horary astrology) are the three sections. The teachers 
speak of the following as branches of the great 
science of Jyotisa: Jdtaka (Horoscopy), Gola (Spherics), 
Mmitta (Omenology), Prasna (Astrological query), 
Muhurta (Auspicious times) and Ganita (Astronomical 
compu tations) . (5-6) 

In a text on astronomy would be found the two 
btanches Gola and Ganita. Mmitta would occur both in 
Hard, and Samhita texts. The other three (viz. Jdtaka, 
Prasna and Muhurta) would occur only in Hord texts. (7) 

In Samhita texts would be explained the progress and 
decay of people, rainfall, the nature of elephants, horses 
and all other animals and things, and of the comets, 
meteors and allied matters. (8) 

This (Science of Jyotisa) is further classified in two 
other ways, according as they pertain to computations 
or to (the prognostication of) fruits (of actions). Of 
these, the section on Astronomy concerns itself with 
computations while the other two are concerned with 
results. (9). (KVS) 

1. 3. 3. il^l ftl d -Ml dVl ftl d -41 ft I d -<^H ^Pl^<fl*jM W 3§- 

(Mahadeva's Com. on Sripati's Ratnamald, Intro.) 

Knowing well that Ganita comprising planetary 
computations, arithmetic and algebra, forms the deep 
roots of the Tree of the Science of Jyotisa, that 
Horary astrology of divers aspects forms the branches, 
and that Samhita (Natural astrology) forms the fruit, 
here is being set out, in brief, post-natal sacrement, 
naming the child, girdle cermony, marriage, travel 



etc., which form the full intent of the Samhita section. 
(KVS) 

1. 4. 1. 4WqpjRKi!tal W ihKI«li 

*T H$\4M>: WM<WW ^tT: IU II 

(Vatesvara, VSi. f 1. 1. 5.) 

Astronomy: Siddhanta and Karana texts 

An astronomical work which describes all measures 
of time as well as the determination of longitudes of 
the planets, which treats all mathematics including 
the theory of the pulveriser, etc., and which correctly 
states the configurations and positions of the planets, 
the asterisms, and the Earth, is verily called a true 
Raddhanta (or Siddhanta) by the distinguished sages. 

(5) . (KSS) 

1.4.2. dd-MlfelWi<KI+M+?HI TRsHfe: W- 

■o 

(Bhaskara II, SiSi., 1. 1. 1.6) 

A Siddhanta work is an astronomical treatise which 
deals with the various measures of time ranging from 
a truti up to of a Kalpa which culminates in a deluge, 
planetary theory, arithmetical computations as well as 
algebraical processes, questions relating to intricate ideas 
and their answers, location of the Earth, stars and 
planets, and the description and use of instruments. 

(6) . (AS) 

tf?r i 

(Nilakantha, Jyotirmimamsd, pp, 8-9) 

The significance of Karana texts 1 

The aim of the Siddhanta texts is primarily to create 
in students the capacity for testing the motion of planets. 



1 The Karana texts are astronomical manuals designed to make 
computations simpler, concise and accurate. The working herein 
is made facile by adopting easier methods. They adopt a 
contemporary date as the zero point for calculation and direct the 
deletion of the big lump of days up to the chosen date and use as 
zero corrections the longitudes of the planets as computed 
accurately for the zero point. 
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But, it is the Karana texts that conduce to practical 

utility and accuracy Hence it is said, 'Karanas 

accord with observation.'.. . 'Karana is the result of 
repeated observation.' (KVS) 

1.4.4. P^mI^m oh <m qrt^f wr*r i 

^ ^f^FT WW feTW II 

(Nilakantba, Jyotirmimathsd, p. 4) 

' Through the teacher- disciple tradition, all (astro- 
nomers) should conduct observation and verification. 
It is also stated in the Jdtaka : 
( In the undermentioned five, viz. the conjunction of 
planets, the eclipses of the Sun and the Moon, 
occultation of planets, and retrograde motion of 
planets, (the results of computation according to) 
Karana texts accord with observation. Hence the 
planets should be computed according to the Karana 
texts daily at three times (of the day).' 

Another authority has said : 
'Karana texts are the results of tests conducted during 
the eclipses and the conjunctions of planets. Hence 
the Sun and other planets shall be computed (only) 
through Karanas.' (KVS) 

^YdMU^Idfa^i: 

1.5.1. W«|M*H #^T^H*$d4kfa I 

ilfl»lfed4 ^eM^^HH : II H II 

3% ^r^r ftw ^r^wr 11 ^° u 

(Prasnamarga, 1.1. 19-20) 

General contents of astronomical texts 

Ten are the different topics known to be dealt with in 
(astronomical) texts of planetary computations, these 
being: (i) Calculation of the days from epoch, (ii) 
Mean planets, (iii) True planets, (iv-v) the two Eclipses 
(Lunar and Solar), (vi-vii) Planetary war and Approach 
(i.e. Conjunction of planets), (viii-ix) Heliacal rising 
and setting of planets, and (x) Conjunction of (planets 
and) stars. (19-20). (KVS) 



1.6.1. f&fipra^-^HfdMMR cmr ^r: *nw: i 

^FftWR^fr ^rrfa ^rftr i 
+IV*^ ^rs^rw HKifciiH h^mRw^ n 33 n 

*JHlfc3dfrd^ 5PpTT *T dl«K(djft I 

^WT^Ff d^+ft^ ^ WRTT ^TR; I 
#^^T 7>mT^TT d^ldS^lfe^H, 1 1 3 X 1 1 

STRf^rft" Wfe" feft ^sdtslwt^Rr II ^ II 

*$cH l pu | dfafc^ «*lM*HHiRl fcd+O^H I 

$<fr<"l*l< : ^ frTTSS^T: II ^ II 

(Varan?, PS,' 3. 32-37) 

Insistance on accuracy 

If the tithis and naksatras as found from observation 
agree with those computed according to the Sastra, then 
the Sastra is correct and is fit to be accepted. It is not 
so in the case of Bhadravisnu's work; 1 still people do 
not turn away from that and follow the correct Sastra. 
(32) 

Sunrise and sunset are not at the same moments in 
all places on the earth. (So, in order to find the days 
and making computation, the place must be mentioned 
at which the sunrise and sunset are taken as the 
epoch). But Padaditya, who has placed the epoch at 
sunset, has not mentioned the place he refers to. (So, 
his work is faulty.). (33) 

The ganita text (of Padaditya) has deviated from the 
right path handed down by a hierarchy of good teachers 
and the day of its exposure is not far distant. Witness 
its downfall in 68,550 years. (34) 

If we adopt the days of epoch resulting from the 
tropical years as adopted by the Romaka, and (the 
positions of) the Sun or the Moon resulting therefrom, 
we must accept Punarvasu as the naksatra of the full 
moon of the month of Caitra, it being the naksatra 
of Caitra-Sukla-navaml, instead of the expected Hasta 
or Citra. (35) 

All the injunctions of the Vedas and Smrtis are based 
on the proper times, and by not performing the rites at 
those times, the performer, especially the twice-born, 
acquires sin which is to be expiated. Therefore, a study 
of the Romaka itself is to be expiated. (36) 



1 Bhadravisnu and Padaditya, mentioned below are earlier writers 
on astronomy. 
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The person having a correct knowledge of the Sun, 
the Moon etc. acquires Dharma (merit), which will 
take care of his future world, Artha (wealth) which will 
ensure his prosperity in this world, and Tasas (fame) 
which will perpetuate his memory. But the bad 
astronomer who misleads people by his writings will 
certainly have to go to hell and dwell therein. (37). 
(TSK) 

JMft^l: — *W*5 U 'H 

1 . 7. 1 . y«lf^l4H^ft ZRT^f ^5 Ff£ «rMH I 

<fl fa ¥ l-Tf*F!>-«f I Rl fc6-sffa-H d I H £1 fd, Rj<gl*di: I 

*Wd<: tfTfasT: Mfiital ll v u 

^tT^tt Tf^r ^rItt HfiTw rarrwr i 
d^MgN h^<hR^h ?m STTTT: II * II 

R^rd^Hj^^MH^N^ i ^^i^^r^^i : 1 

dKW#MW 5niKK«ISPT ^lRr*H II \ II 

^H+<u|i^v^|cMH+iq?MI3lfd II V9 11 

(Varaha, PS, 1. 2-7) 

Aim: Consolidation 

I shall state in full the best of the secret lore of 
astronomy extracted from tljje different schools of the 
ancient teachers so as to make it easy and clear. (2) 

The five Siddhantas, of which this work is a com- 
pendium, are the Paulina, the Romaka, the Vasistha, 
the Saura and the Paitamaha. Of these five, the first 
two, viz., the Paulisa and the Romaka, have been 
commented upon by Latadeva. (3) 

The tithi resulting from the Paulina is tolerably 
accurate and that of the Romaka approximates to that. 
The titki of the Sura is very accurate but that of the 
remaining two (viz., the Vasistha and the Paitamaha) 
is far from correct. (4) 

I shall tell in this work, avoiding all jealously, the 
computation of the solar eclipse, which is guarded as a 
great secret and in which the mind of the astronomer 
revels. I shall also tell the occurrence and non- 
occurrence of the lunar eclipse, the directions of the first 
and last contacts, the duration, the total phase, the 
' hypotenuse ' at any moment with related quantity of 
obscuration and time, and also the mutual conjunctions 
of the stars and the planets, and the computations of 
differences in longitude as also the prime vertical, 
moonrise, astronomical instruments and other require- 
ments, graphical representations, the gnomonic shadow, 



the sines of latitude, co-latitude and declinations and 
such other matters. (5-7). (TSK) 

1.8.1. WUj | jtM3<c|TH| I RK^HI 

^TT^K«OT d^RdRWJH fd^fcd^ I 
TRTT *Tst *rS*T q^l^Jdfdf^dl 

(Bhaskara IT, Si$L, 1.1.1.4) 

Aim: Refinement 

Ancient astronomers did write, of course, treatises 
abounding in intelligent expression; none the less, this 
work is composed to fill some lacunae in their works. 
I am going to make up for the deficiencies of the older 
works and these improvemerts will be found here and 
there in their respective places. So I beseech the 
good-minded mathematicians to go through this entire 
work of mine (for, otherwise, they may not locate my 
contribution). (4). (AS) 

<GRftf*l: — 

1.9.1. MhH^ qg^ ^lgflfal^ldM^^ 1 

?Wrfk ^u^l^=MM|A|Tw^4H^ II <1 II 
Ml^ll^dH o*H^K: NfafiM #SW: I 
^l^Hd*lfcq cRT «H4H<H«d<ll*Kd : II ^ II 

(Brahmagupta, KK, I. 1. 1-2) 

Aim: Simplification 

Having made obeisance to Mahadeva, the cause of 
creation, existence and destruction of the world, I com- 
pose the astronomical treatise Khandakhddyaka, which, 
in the first part, gives the same results as those 
arrived at by Acarya Aryabhata (in his Aryabhata- 
Siddhanta). (1) 

The methods given by Aryabhata are generally 
impracticable for everyday calculation (of the longi- 
tudes of the planets etc.), in connection with 
marriage, nativity and the like. My statements in 
this work are more concise, yet give the same results. 
(2). (BC) 

1.10.1. [kW¥* - tf4HW \ < 3 <N l 4fJlM^mc|<u||ci | 

^mHliflJN WRT a< | U|cKU| | fH *T II 3 II 

d^ifa hi i h fad T^nft" ^< u u(h ^ wraft^R; i 

(Deva, KR 3 1.3-4) 
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Aim: Revision 

The Karana texts of ancient times do not yield 
accurate results either because of the dullness of the 
pupil's intellect, or because of the cryptic teaching of 
the preceptor ; or else, because of the inexactitude of the 
multipliers and divisors. (3) 

They say that the aim of acquiring the knowledge of 
astronomy is to rectify and re-establish the lost 
methods or to discover and highlight new methods. 
Hence this attempt of mine. (4). (KSS) 

1. 11. 1^ ^Mlfa4l^<?H<Hld4>Kl 

(Bhaskara II, SiSi., 1.2.1) 

Aim: Accord with observation 

Inasmuch as true positions of the planets alone are 
required to decide auspicious moments for journeys, 
marriages, celebrations in temples, astrology and the 
like, we shall now give the methods of rectifying the 
mean positions of the planets so as to accord with 
their observed positions. (1). (AS) 

1.11.2. fa^TT fmr: 4<%flfedi: I 

SRWlWT: *WT: FJ&fT: WlwNdlRdU II 3 II 
«^Y<d+MHI tf^T f? TOmm I 
SRWf^T: fTO: W5t *T ^nrfq" II 3 II 

<r$dfeh<fagtH ^Pff fiF^T: II Y || 
^f^^fd <j4d-dlfw| ^RT: I 

*$d^fod $M<\v \ \ tf)«iy>d^l ^ft^T^ II K II 
«$d<dH<pMH firsqf : 3TTfet fe^: I 
^&ft 1«lfwid TFT T^RT feT# II ^ II 

(ParamesVara, Drgganita, 1. 1. 2-6) 

Planets computed according to the Parahita system 
are actually observed at places which are different. 
And the sciences affirm that the correct planetary 
positions are only those where they are observed. (2) 

Through the instrumentality of the planets alone can 
the timings for auspicious rituals be known. Times 
computed from incorrect planetary positions are 
impure for rituals. (3) 

Hence, the twice-born who are knowers of the 
sciences and also have been initiated into the rationale 
of the spherics should take pains towards ascertaining 
the correct positions of planets. (4) 



Cogitating thus and having comprehended well the 
earlier texts and also having observed planetary con- 
junctions (for long) 1 by means of instruments of 
spherics, (the present work), Drgganita, is being com- 
posed by me for the sake of students who have 
prayed for instruction on the true places of planets. 
(5-6) (KVS) 

1.11.3. qudoaoA J l fikfcMK MlddUd M<P>*ldrq I 

+<ui^-gHlTiUi Ri^Mw^*flRidi 1 1 \ ii 

rRTT $ll4*1d) TPT J|"l+H<=m<=K Wfe I 
'dM^ff'fo +<r4«3 *ildd|iMdld<S II II 
' PlRg^'fiT <txrq«3 Tf^Trf ftrfw T^T I 

mw^iPrrm dfc*H m^^cin ii ^ u 
3f^^im?r j<RHd^ +<fg^ ii ^ ii 

^]feVMfH<Hld aftpH^Hvl TO I 

fw *«l(uidfa^ TlW ^feg TO I 
'TF^rt'fif '<R#'fir WW II || 

^T55TR 'PiR^V^TRT ^WPT II H II 

IhRmcm qwn^frs^f^rt 11^*11 

R<+H +Iod»ol u flo4 k ^ft^fr ^55T ^5 I 

'T^fmT ^t' ^rs^ +Hw few^rarr 11 ^ 11 

tfK*tll«4 ^fcif^dd d^'il^^d II II 
dR-^H M&H f^H^lfadS ^M«MM I 

' ci^Vfir +<^«3 ^iUch'W m ^ ii 

HpHHIHirbldl<Tl ftvT Wm I 

(Drkkarana, 1. 5-30) 

1 The fact that ParameSvara had been observing planetary move- 
ments and working on the same has been referred to by his pupil 
Nllakantha Somayaji, who says: Parameivaracaryena punak grahana- 
grahayogddikam yantraifo paficapafca$ad-var$akalam samyqk parikfitam 
( * ParamesVara had examined closely, by means of instruments, 
the eclipses and planetary conjunctions for 55 years) \ 

Gf- N's Aryabhatiya-Bka$ya under 4. 48. 

ParamesVara himself corroborates this in the words: 

grahendrak paficapaficaiadvarfakdlam nirikfitdfy I 
may a tadd dfid bkinna drstd Parahitoditafy II 

( The planets have been observed by me for fiftyfive years. 
Their positions have been noted by me as different from the 
positions computed by the Parahita (constants).* 

Q,by Nilakantha in Aryabka$iya»Bhd$ya under 4.48- 
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Now, I shall set out in brief what the early 
astronomers enunciated. Before Kali 3000, the eclipses 
and other observed phenomena did not tally with the 
astronomical manuals or the Siddhdntas. (5-6) 

Then, in the Kali year jndnatuhga (3600= A.D. 499) 
an astronomer by name, Aryabhata was born in this 
world. (7) 

In the Kali year girituhga (3623 = A.D. 522) was his 
work Aryabhatiya composed and therein he enunciated 
the revolutions (of the planets) . (8) 

He had adjusted these revolutions by reduction and 
addition in such a way that there was no zero-correction 
at the beginning of Kali. (12b- 13a) 

In course of time, deviations were observed in (the 
results arrived at by) this computation. Then, in the 
Kali year mandasthala (3785 = A.D. 684) equivalent to 
Saka tanutd (606), several astronomers gathered 
together and devised, through observation, (a system), 
wherein (the correct mean longitudes were to be found) 
by multiplying the current Kali year -minus-giritunga 
(Kali 3623, viz., the Aryabhatan epoch) (as direeted 
by the vdgbhdva, i.e. bhatdbada or takdbda, correction 
enunciated by Haridatta and applying the correction). 
(18-19) 



This system was termed Parahita and many followed 
it, assuring themselves of its accuracy. (25) 

When a long time had elapsed, there occurred 
substantial deviations. Then, (Paramesvara), a noble 
brahmana, residing on the coast of the western ocean, 
revised it (i.e., the Parahita system) by means of (astro- 
nomical) observations, in the Kali year rangasobhdnu 
(4532 = A.D. 1431). (26-27a) 

The work Tantrasahgraha (by Nilakantha), (with 
revised constants) is for twelve years later. (27b) 

The revolutions given therein (i.e., in Tantrasahgraha) 
too, becoming imperfect (in course of time), observations 
were continued by the astronomers on the west coast for 
thirty years, from the Kali year jasustava (4678 = 
A.D. 1577) to the Kali year janaseva nu (4708= A.D. 
1607) and, by observation, the astronomical tradition 
was revised accurately. (28-30a) 

Hencefore, too, (the deviations) that would occur 
should be carefully observed (and revisions effected). 
(30b) 

1.12.1. ?T *$d^!43rete^t fM^n^<W ^d^ldl I 

(Brahmagupta, KK } 2.1.1a) 



Emendations to Aryabhatiya by Brahmagupta 

I now give emendations as Aryabhata 's formulae do 
not give accurate results, (la). (B.C.) 

1. 13. 1. aft ^^feft ft*r *)Pd*utf 

f^TRTfft ^ <=b)fd<s||g ... ti <\r ti 

(Bhaskara II, SiSi., 1.9.10-12) 

Correction of Brahmagupta by Bhaskara II 

The koti and karna denned by Brahmagupta do not 
accord between computation and observation in 
locating the cusps. I request expert mathematicians to 
verify this carefully. (10) 

In a place where the latitude is (90-a>)= (90— 24) 
— 66°, when the ecliptic coincides with the horizon, 
and when the Sun is in the beginning of Mesa which is 
then rising in the east, and the Moon in the beginning 
of Makara, then the Moon is dichotomized by the 
meridian and the illuminated part of the Moon's disc 
is towards the east. This does not hold good according 
to Brahmagupta's definition of koti, because then the 
bhujd as well as koti according to his definition is equal 
toR. (11) 

When the bhujd is zero, the cusps will be horizontal, 
and when the koti is zero, they will be vertical , Brah ma- 
gupta's bhujd and koti, both being equal to R, the cusps 
cannot be vertical, which is against truth as stated 
above. 1 (12). (AS) 

1. 13. 2. srfsr|^£<Tpf ^fer^-HH^n^ to^pt t 

*m: frw ^ww^r ^mrf irm 

'fafa^K^+KMfd<dWl(d *TT ^rf II 3 II 
(Bhaskara II, Vdsand-bhdsya on SiSl, L 6. 18-19) 



1 For a note, see $i$i;AS, pp. 498-500. 
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Bhaskara's correction to Brahmagupta's 
statement 

The statement of Brahmagupta, namely that the arc 
of the Moon's drk-ksepa will be obtained by the sum or 
difference of that of the Sun with the latitude of the 
vitribha, I (Bhaskara) do not accept. I shall give the 
reason why. (1) 

At a place where the latitude is 24° , when the 
longitudes of the Sun, the Moon and the Node are all 
180° at the time of sun-rise, the ecliptic occupies the 
position of the prime vertical. (2) 

The Moon will not leave the ecliptic even though 
depressed by parallax in longitude. Thus there is no 
parallax in latitude. The vitribha then being in the 
zenith, and its latitude being 4J°, the drk-ksepa of the 
Moon according to Brahmagupta's formula will be 4J° ; 
and therefore the parallax in latitude obtained by the 
drk-ksepa will be 

790' -35 Rsin4r 52' - 42" 
_ 15~ " X ~^43^- 3438 X 270 = 4 8 > 
which is actually not the case. 1 (3) . (AS) 

1. 14. 1. md*MHsmdlfa +PH<ii£ — U ^ MdW^lR^T 

ft: i <fr*m<^ *rfa ^n#^: i ^<t>i if% 

(Nilakantha, Jyotirmimdrhsd, p. 6) 

Testing, verification and revision 

A commentator on the Mdnasa (viz. Laghumdnasa of 
Munjala) has lamented: 'Indeed, the Siddhantas, like 
Paitdmaha, differ from one another (in giving the astro- 
nomical constants). Timings are different as the 
Siddhantas differ (i.e. the measures of time at a 
particular moment differs as computed by the different 
Siddhantas). When the computed timings differ, Vedic 
and domestic rituals, which have (correct) timings as a 
component (of their performance) go astray. When 



For an exposition, see Si$i;AS, pp. 446-48. 



rituals go astray, worldly life gets disrupted. Alas ! we 
have been precipitated into a big calamity/ 

Here, it needs to be stated: 'O faint-hearted, there 
is nothing to be despaired of. Wherefore does anything 
remain beyond the ken of those intent on serving at the 
feet of the teachers (and thus gain knowledge) ? One 
has to realise that the five Siddhantas had been correct 
(only) at a particular time. Therefore, one should 
search for a Siddhanta that does not show discord with 
actual observation (at the present time) . Such accord- 
ance with observation has to be ascertained by 
(astronomical) observers during times of eclipses etc. 
When Siddhantas show discord, i.e. when an early 
Siddhanta is in discord, observations should be made 
with the use of instruments and the correct number 
of revolutions etc. (which would give results which 
accord with actual observation) found, and a new 
Siddhanta enunciated. (KVS) 

i. 14. 2. 3ftrtotrjw amr rai^HMH i mftHtK sif^r 
#H<tri <fte ^ T4 fa u fi Ti <^ I fcl d ^w^dT^^Hpdsr 

dcHliMRtft 3Tsfffof fer=Rf Sfg^e^r Hl6HR^ft faff 

jrqfa; i ^ rT^^ Td R=td few ftsft m Fprft" ^rrfa 

faff f^Nr i faf i 

^WIHlS<sllM<Ul + M MldRiH S^S^fa I tT3* ^luifefoWl^M 

(Suryadeva Yajvan, Com. on ABh., 4. 48) 

Verification of computed planets 

In an open spot construct a perfectly circular platform 
of desired radius in angulas, raised to the height of the 
eye, with the east-west and north-south lines drawn 
through the centre and 21,600 equal divisions (of 
seconds) marked on its circumference. Then, at 
sunrise and sunset, stand (in turn) at the west and east 
sides of the platform and observe the half-risen and 
half-set Sun, respectively, and mark their positions on 
the circumference as indicated by the gnomon (fixed at 
the centre of the circle) . 
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Mark also the opposite points on the circumference 
as indicated by the shadow of the gnomon. Mark also 
the point at the tip of the mid -day shadow. When the 
Sun is in the northern hemisphere, place another 
gnomon on the east-west line and observe daily the 
entrance of the shadow on that line. These observations 
should be continued for two or three years. If the Sun, 
observed thus, is seen exactly in the positions arrived 
at by computation, then that computation is to be 
understood as correct. If the time of the entrance of 
the midday shadow on the north-south line corresponds 
to that derived by computation, then also the correctness 
of the computation is verified. In the same way, the 
correctness of the computation may be verified also by 



the observation of the north-south midday shadow, 
when it is either maximum or totally absent. The 
verification of the computed Sun with observed Sun is 
done in this manner. 

The Moon will also be correct if the computed 
conjunction of the Moon with the observed Sun is 
found to be identical with the obsetved one at the time 
of eclipses. And, the other planets too will be correct 
if the computed conjunctions of the Moon (as verified) 
above with the computed planets are in conformity 
with the observed one. (If observations do not accord 
with the computations, necessary changes shall have 
to be effected in the bhaganas of the planets, as 
instructed elsewhere.) (KVS) 



2. IfOffii — ASTRONOMER 



2. 1. 1. xmw ^&vm...(rv-vs, 30-10) 

^...Wf^.-.trF-KS', 30-20) 

Vedic astronomer 

(In the Purusamedha sacrifice, offer) an observer/ 
indicator of the stars to the deity Prajrlana . . . and an 
astronomer to the deity Yadas. (KVS) 

2. 1. 2. FT*rfacrf STRJT: SPT cTWTSSfasq^T I d^kHM'jH'k I 

^Ifd^rWI^K^rd , FHTFT ^ft^T II 

(Gopatha Brahmana, 2.3.19) 

Svarbhanu the demon, hid the Sun with darkness. 
Atri removed it. That was identified by Atri. When 
any gift of gold is given to a descendent of Atri, through 
that act darkness is removed. Then light from above 
holds one towards the attainment of the heavenly 
world. (KVS) 

2. 2. 1. SFFfrf ^ ftf : 3*i{ki<3: *WM J IW I cf — *ft 
3TFTFT pH$d <TI L HM^lfd" I ^W^fif I FPf ^ 

mfer fo<*H*K i ^ ^ft f^wnfr ^fr*p I 

(Taitt. Brahmana, 3.10.9) 

A line of Vedic astronomers 

The Vaideha (king) Janaka went with 'days and 
nights' (being the units of time, which he studied). 
(About the benefit of such study) they told him: "He 
who understands us becomes sinless; he lives a full life; 
he attains to the heavens; for him food will not be 
scarce in this world .' ' 

Ahina, son of Asvattha, learnt the science of the Sun. 
He became a swan and ascended the heavens and was 
merged with the Sun. 

The srauta priest Devabhaga learnt the science of the 
Sun. The invisible Goddess of Speech told him: 
"Gautama who knew the science of the Sun knows 
everything .... Hence those who know the science of 
the Sun, they overcome the world ..." 
2 



Susa, the son of Var§ni, went with the Sun. The 
Sun told him: "Come and learn the Science of the 
Sun . . (KVS) 

2.3.1. #<ST f| WI«tofaH^Tti: 

{RV-VJ,36) 

An Astronomer is a Vedist 

The Vedas have, indeed, been revealed for the sake 
of the performance of sacrifices. But the sacrifices are 
laid down on the sequence of appropriate times . Hence, 
he who knows astronomy, which is the science specifying 
time, knows the sacrifices (and, so, is a Vedist). (36). 
(KVS) 

2. 4. l. snror: tihrtK^d ^wi^ih: U <\ II 



^wft^T +M^M ^ #tTT II * II 

=E^rnrf ^ TTFTTTf tfl< l ^M^HI^^HI^ I 'Jimfa HI^^NH- 
BTH^T ^ WITfe: 1 1 * 1 1 

^tdi|Q^4|c|^[^rcid^l<iryMd'lHi MfdM^^^ II % II 

di^l4>Mi toMH^d^lP"ld«|iMH MfdMKHJ^M: M II 

^klHi ^ ^TfFTt I wiWH^>^ird+l ^li- 

fe II S. II 

^H^"lT^MHmdMldi<^HHIH^ ^rT^TKggr II <\° II 
II <H II 

^Tprr ^HUj^Hi^l^^ - 
^WHliHW^Pd^ WiroW^: II <H II 

(Varaha, Br. Sam., 2- 1-12) 
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Qualifications of an astronomer 

We shall now explain the aphorisms, i.e. rules or 
qualifications, for an astronomer. (1) 

Among the astronomical calculations, the astronomer 
should be conversant with the various sub-divisions of 
time such as the yuga, year, solstice, season, month, 
fortnight, day and night, ydma (a period of an hour and 
a half), muhurta (fortyeight minutes or two ghatis), nadi 
(equal to 24 minutes) prana (time required for one 
inhalation), truti (a small unit of time) and its further 
subdivisions, as well as with the ecliptic (or with geo- 
metry) that are treated of in the five Siddhantas entitled 
Paulisa, Romaka, Vdsistha,Saura and Paitdmaha. (4) 

He should also be thoroughly acquainted with the 
reasons for the existence of the four systems of measure- 
ment of time, viz. Saura or the solar system, Sdvana, 
or the terrestrial time, i.e. the time intervening between 
the first rising of any given planet or star and its next 
rising, Ndksatra or sidereal, and Cdndra or lunar, as well 
as for the occurrence of intercalary months and 
increasing and decreasing lunar days. (5) 

He should also be well-versed with the calculation 
of the beginning and ending times of the cycle of sixty 
years, ayuga (a five-year period), a year, a month, a day, 
a hora (hour), as well as of their respective lords. (6) 

He should also be capable of explaining, by means of 
arguments, the similarities and dissimilarities as well as 
the appropriateness or otherwise of the different systems 
of measurement of time according to the solar and 
allied systems. (7) 

Despite differences of opinion among the Siddhantas 
regarding the expiry or ending time of an ayana (solstice), 
he should be capable of reconciling them by showing 
the agreement between correct calculation and what 
has been actually observed in the circle drawn on the 
ground by means of the shadow of the gnomon as well 
as water- instruments. (8) 

He should also be well acquainted with the causes 
that are responsible for the different kinds of motions of 
the planets headed by the Sun, viz. fast, slow, southerly, 
northerly, towards perigee and apogee. (9) 

He must be able to forecast, by calculation, the times 
of commencement and ending, direction, magnitude, 
duration, intensity and colour at the eclipses of the Sun 
and the Moon, as well as the conjunctions of the Moon 
with the five Tdrdgrahas or non-luminous planets and 
the planetary conjunctions. (10) 

He should also be an expert in determining accurately 
for each planet, its motion in yojanas, its orbit, other 
allied dimensions etc., all in terms of yojanas. (11) 



He must be thoroughly acquainted with the Earth's 
rotation (on its own axis round the Sun) and its revolu- 
tion along the circle of constellations, its shape and such 
other details, the latitude of a place and its complement, 
the difference in the lengths of the day and night (lit. 
diameter of the day-circle), the carakhandas of a place, 
rising periods of the different Signs of the zodiac at a 
given place, the methods of converting the length of 
shadow into time (in ghatis) and time into the length of 
shadow and such other things, as well as those to find 
out the exact time in ghatis that has elapsed since sunrise 
or sunset at any required time from the position of the 
Sun or from the Ascendant, as the cape may be. (12) 
(M R. Bhat) 

2. 4. 2. ftrf'U i qdi dT^NTi <HI^+ I 

^Hr^^«f)srFT fafisMi %mi gtJt: II ^ II 

(Bhaskara II, Si$L 3 2.4.8) 

Expert in astronomical diagrams 

An intelligent astronomer should draw (and 
demonstrate), for the understanding of his students, 
diagrams on the computation of astronomical phenom- 
ena, on the northern side of a wall extending from 
east to west. (KVS) 

2. 5. 1. ^l^^u^^i^^NHl : ^fH% zfts^FT I 

dcM^4 ^ 3R*r% vjtHlfd *T ^T^T ^ II \\ II 

(Varaha, PS, 4.36) 

Expert astronomer 

(Only he is fit to be called an expert astronomer) who 
knows the problems dealing with the Sun, who can 
compute the time of the Sun crossing the prime-vertical, 
and prove his method (mathematically or graphically). 
(36). (TSK) 

2. 5. 2. aiH^fd TT STTFfsT f^nftlHI<H*d*TT ftrf^TC: I 

Tftrf^#^fts^TR err snrmf *t: *r <t^t: II R II 
srfijw: *nM: jRmPhi ^ t 3TR*rfir 1 

^ I u ll4d rfT^ifW ^MH ^f^T 2T: I 

SfftFT ^ dTT ^% *T ^lf: II K II 

flTSrefa fcP<H<H aft y: ^^rfaSFT II 

^ fe^itd ^PTfa" tfxT fo*ret 3r: n ^ n 
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5TC*pif ^rf^TKT ^T^jfer t% 2Tt ^T^TlWI 

srpT ^pftfir #*fr *U4t1?H zr: *T II £ II 
3Mil£fPPn , *[ (, TT3[ ^PFTRT >wi§ai$i<J<*MI I * 
jp5 flffire ^^ct^im^dgt : 1 1 T o i i 

<fa9lRl$^^") 4 l: <T*n> f^TPrt^r i 

(Vatesvara, F&\, L9.2-15) 

Only he who finds the ahargana from the solar days 
(elapsed) without making use of the intercalary months 
and the omitted days and the mean longitude of a planet 
from that {ahargana), is an (expert) astronomer. (2) 

Only he who finds the ahargana from the solar days 
(elapsed) without making use of the intercalary months, 
the lunar months, the omitted days, and the civil days, 
knows the mean motion clearly. (3) 

Only he who finds the lunar days from the civil days, 
therefrom the solar days, and therefrom the sidereal 
days, and also finds the omitted days from the intercalary 
days, and the intercalary days from the omitted days, 
is an astronomer. (4) 

Only he who finds the longitudes of the Sun and Moon 
without making use of the ahargana and therefrom 
obtains the longitude of a different desired planet, and 
also derives the Sun's longitude from the Moon's 
longitude and vice versa in a variety of ways, is an 
astronomer. (5) 

Only he who finds the longitudes of the planets for 
the time for the rising of the asterism AsVini or for the 
time of rising of the desired planet is the foremost 
amongst the astronomers. (6) 

Only he who finds easily (the lord of) the current 
day from the seventh day of the succession of weekdays 
by the inverse process, and calculates the retrograde (or 
westward) longitudes of the planets knows the mean 
motion clearly. (7) 

Only he who determines the longitudes of the faster 
and slower planets from each other in a variety of ways 
and also derives the Sun's longitude from the planet's 
longitude and vice versa, is an astronomer. (8) 

Only he who, having obtained the times of rising of a 
planet (in a yuga), finds the daily motion of a planet 



from those risings of the planet, and from them derives 
the revolutions of the asterisms (in a yuga), in a variety 
of ways, is an astronomer. (9) 

Only he who determines the longitude of the desired 
planet from the ahargana multiplied by the revolution- 
number of another planet or multiplied by the multi- 
plier given in the problem, is proficient in the reduction 
of fractions. (10) 

Only he who determines the longitude of the 
desired planet from the omitted days, the mean tithi 
from the risings of that planet, and the longitude of 
the Sun and the Moon in a variety of ways, knows the 
mean motion. (11) 

Only he who, by using the abraded multipliers and 
divisors, briefly obtains the ahargana since the commence- 
ment of the current kalpa, since the birth of Brahma, 
since the beginning of Krtayuga, or since the beginning 
of Kaliyuga , is an astronomer . (12) 

Only he who computes the longitude of the desired 
planet from 

2 X Sun's long. + 3 X Moon's long. 
— - — Mercury's 

long. 

knows the mean motion (of the planets) like an emblic 
myrobalan placed on his palm. (13) 

Only he who obtains the longitude of the desired 
planet from 9 X (Mars' long.) + 8 X (Jupiter's long). + 
9 X (Saturn's long.) + 10 X (Mercury's long.) + H X 
(Venus' long.) is an astronomer. (14) 

'The sum of the longitudes of the Sun, Moon, Mars 
and Mercury is severally diminished or increased by 
three times the individual longitudes of those planets.' 
One who, from those sums (and differences), obtains 
the individual longitudes of those planets is an astro- 
nomer. (15) 

2. 5. 3. 3T: ^WT: JSfi" Wi*MI'H 

cji^i^ffi r ^ +lfi^«m i 

srpncqsrt *wr% v^mr* u 3 n 
^h^i wVw*iWT+i ott 
P^H^^i sot fenwr i 

^rqr ^ S^rf *pffaT: 11*11 
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Cv 

*t: *r t% Pnmt *$ht nftnr n £ u 

d^TWl^ird^Wkft *T- 

w +<i+h*ck sra^f *rfftr ii v ii 

f% ^"ifrid Fgai TrfiPT n<n n 
Pd^^i *<«iKi*h f| ^n" ^>ii*dw cm i 

n <\v ii 

ak^tflfeW sfTSTWt fTOWrTT H^fcidi ^ I 

m +<-sifl3fl«l+^ *TR^ II II 

(Vatesvara, VSL, 2.7.2-16) 

One who finds the degrees of the bhuja from the 
degrees of the koti, the degrees of the koti from the 
degrees of the bhuja, from the bhuja the kendra, and mean 
planet from the planet's kendra, knows the true motion 
of the planets. (2) 

One who finds the R sine of the bhuja from the degrees 
of the koti, the R sine of the koti from the degrees of the 
bhuja, the kotijya from the bdhujyd, and the bdhujyd from 
the kotijya, knows the true motion of the planets. (3) 

One who finds the corresponding R versed sine from 
the R sine, the R sine from the R versed sine, the karna 
without using the kotijya, the kotijya from the bhujajyd and 



the karna, and the bhujajyd from the kotijya (and the 
karna), is endowed with flawless intellect. (4) 

One who corrects, in many ways, the (mean) planets, 
the (mean) motions, as well as the manda and tighra- 
kendras with the help of their own corrections, converts 
the true planet into the corresponding mean planet, 
knows the true motion of the planets is indeed an 
astronomer. (5) 

One who derives the true planet from its ucca, and the 
true motion of the Moon for the preceding, succeeding 
and current days from that of its ucca, knows the true 
motion of the planets. (6) 

One who finds the time elapsed corresponding to the 
avamasesa (i.e., residue of the omitted days) and the 
period of occurrence of the omitted days with the help 
of civil days and planetary revolutions in a yuga, etc., 
is a learned astronomer, proficient in the subject of 
avamapdta. (8) 

One who finds the true planet from the ahargana, or 
for the time of rising of a given heavenly body, or for the 
time of rising of the naksatra Asvini (f Piscium), knows 
the flawless true motion (of the planets). (9) 

One who, without making use of the (tabular) 
R sines, calculates the bhujajyd and the kotijya, and the 
arc (corresponding to the bhujajyd or kotijya) ; who, with 
the help of the longitude of the ucca, converts the true 
planet into the mean planet ; and who finds the true 
motion (of a planet) with the help of the motion of the 
ucca and the mean motion (of the planet), knows the 
motion of the heavenly bodies (as if submitted to the 
eye) like an emblic myrobalan placed on his palm. (10) 

One who finds the kendra from the given phala (i.e., 
manda-phala or sighra-pkala) ; obtains the (sighra) kendra 
for the heliacal rising or setting of a planet; or one who 
finds the (sighra) kendra for the beginning of retrograde 
or re-retrograde motion (of a planet) or the correspond- 
ing days (i.e., the days of retrograde or direct motion) 
is designated as ganaka (astronomer) . (12) 

One who knows the true bhogas of the naksatras, the 
bhoga of Abhijit as well as the true location of that 
malignant (naksatra), and the true nddis of sankrdntikdla 
(i.e., the time in nddis at which the Sun crosses the end 
of a sign), is an astronomer well-versed with ganita and 
the true motions (of the heavenly bodies). (13) 

One who knows (how to find) the times when Vyatipdta 
and Vaidhrta begin and end; the times when the new 
moon and full moon days, tithi, karana, yoga and naksatra 
end; the longitudes of the Sun and Moon corresponding 
to minutes, degrees, signs, etc., as well as the lord of the 
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day which touches three titkis is a ganaka having none 
to match him. (14) 

One who correctly knows the eight varieties of 
planetary motion, viz. very fast, fast, natural (or mean), 
slow, very slow, retrograde, very retrograde, and re- 
retrograde, along with the corresponding (sighra)- 
kendras, is a good astronomer. (15-16), (KSS) 

2. 6. 1. ^Fff ^ il^l^^l^Nd: qr*T I 

M^fe^d^kl d W>¥I+W*IT II ^£ II 

(Paramesvara, Drgganita, 2. 47-50) 

Anxiety for accuracy 

A further correction has to be applied to (the mean 
positions of) the planets (as computed by the methods) 
enunciated (in my) Grahanamandana (verses 5-8). That 
correction too, I shall state (here) since that has not been 
specified by me there. 1 (47) 

One second should be subtracted for every 200 years 
from (the mean position of) the Sun derived according 
to the Grahanamandana to get its (correct mean position). 

In the case of the Moon, however, one second should 
be added (to its mean position) for every 41 years. 

In the case of the Node, one second should be added 
to (12— Node) for every 135 years. 

From the mean of the Higher Apsis should be sub- 
tracted one minute for every three years. (48-50a) 

With the application of this correction (the mean 
positions of) the Sun and other (planets) will become 
accurate. (50b). (KVS) 

2.7.1. fa^T: *m ^ ^T^ft: I 



tdfqPw (1315) m% mi w *nrr i 

aH4»4flna<j , ^fftre: TOvft^TT II ^ II 

H^*H*M*dM M l ^ i rmdHld4>Hd : I 

3TrT: ^rpffs^ «*+l0 ^: <b[kM< *\v\+\r\H: II 3 I 

WOT: *T ^Md ^l^wVllfcdlfcd: II * II 
^T^t: HflM ftr^TT: HH^UH ^RTT: I 

fcwtST <fid«lU|Ru4 ft^SOTT II ^a || 



^tdH M i l rH^l^ff ( 1653387 )M I 
Tft^rbf ^T^f ^TTTTf ^ ^ fd<Hld£ II ^S. II 

Tft^rrf flipf ^ (n^i l«sS^Tt: H^R'S^ II ^° II 
sfTO fc?sfa f^MHI TO ^T^T #^TR; I 
#fr^f *HK<dlfM ^fFRf fclW II V9<i II 
TftRFTT^Tftr( 1652000 )*rfat I 
gsiRrf ^T^t TO TRT^'t^ ^ftwrft: II ^ II 

M^r^iP^d^ ^f^r srfip^r: 11 ^3 11 

1 ^faf fir ( 1 655662 ) M I 
fq^FPcft TfaTOt ft^TFTT <T ffM?T: II W II 

3TTWt TfTOTn^ 3 <T9lf^ ^ftftt: II vsX II 

srf^T ft^TT^r w# wtht 5Frnr 1 

f»dfe«l«l<WI&yH<W*2: (1643524) W I 

q ^ki^iK^ *frsrt ^tsqn^fsr: 11 \9\s 11 

fi^Td* Misfit TTfe^FT^KcT: I 

cfri^ctiRi i mft toT ^u|<(m 11 ^ 11 

^rq <^rd^fe^ M <i^ fr(1647156)^f^ I 

^s^s^rwr to* di^im^tsfer 11 \s£ 11 

^ar wri^m i P'MMdxirri ( 1648722)qfcq5 ^f: I 
TTOT 3 q^RT^T '^^iilRwO^dl II II 
3T|ft ^TSfs feld H I I falMaHM ( 1655484)*rfh^ I 
Tft§n7T# Tt: q-s^tfa: T^TT ftRTT II II 



1 The correction enunciated here is to be applied from the 
date of the kkanda of this work, given in verese 5, viz. Kali day 
16,48,157, corresponding to Kali year 4512, Kataka 17 or A.U. 
July 15, 1410. 



^fmf^^(i5)sf^rtTfr# ^q^rrfefT ii^^ii 
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TT*P?t >l H H H \ " N I "I Nd¥ l [k\ fi r ( 1 655293 ) fefr I 

^ # ^af 11=^ II 

^ M^ I Hl1^^di^fa (1652694)ftt I 
?TW nftd^** $N<4ilfcflJ»H< ?jfa:|| ^ II 
^H^H^lNNd^rg :(1654614)Hfiqt OT^T fasft: I 
\*it Uniix\4*\ fa<sl l faJ | t|<jl^fa : ( 1653403 ) 1 ( 

g^Bft^-5f|q<Hii *m tot f^^r: i 
«r^t a; nki^ii 13 u ^ ii 

(rT^^nd w M\*Uri^<-£\^M<\^: ii ^ ii 

?IW o^^t*Mir^rgtK^^ (1651700)fw I 

wf^wr fefafa: (15) fiNdi ^rr: 11=^11 
tre^r fwmtnT t^r (4) fw^n t# (6)Fwt: i 

gfffzf ^ WTT ^ (9)fw^TW^m: (57) II 
qrrW fat few(23) *TFTT: MIW|«KI:(55)^TT: I 

i^ddRl4^ qwnfa: ^KM^Kd^ II II 

WT: T^T^mWRt JJdWUlH f^PdO^n II £^ II 

iHW( 5 ^Kf^^di nwrrft: II £3a II 

(Paramesvara, Siddhdntadipikd : MBh. Bhdsya- 

vydkhyd, under 5.77) 

Eclipses examined by Paramesvara 1 

Thus far, I have elucidated in detail (the computation 
of) the eclipses of the Sun and the Moon. But at times 
there is found differences both in the time (of the eclipses) 
and in (the extent of) the orbs (eclipsed) . (1) 

Beginning from Saka (1315, i.e. A.D. 1393), I have 
computed and observed a large number of eclipses. 
However, there had uniformly been difference in the 
time (of the eclipses) as observed (and as computed). (2) 

In those cases, the times when (the eclipses were) 
observed occurred before the computed times. Hence 
it was patent that an appropriate correction was 
required to be effected by expert astronomers . (3) 

Additional correction to the Sakabda correction 

A correction by name Sakdbda-samskdra, otherwise 
called Vdgbdva-samskdra, is applied by astronomer s to the 



1 The set of verses extracted and translated here form a dis- 
quisition by the author Paramesvara at the close of his commen- 
tary on Makabkdskariya^Bhdfya, ch. V, verse 77, dealing with the 
eclipses (see the edition of the work, Madras 1957, pp. 321-32.) 



(mean positions) of the planets as computed according 
to the system of Acarya ( Aryabhata) . (4) 

There, the minutes of the Safcabda correction of the 
Moon should be taken one-fifth less, and that of Rami's 
correction one-twelfth less. The correction for the Higher 
Apsis can be taken as it is. (5) 

This special correction is done for (making computed 
positions) accord with observed positions. (6a) 

Solar eclipses 

A solar eclipse was observed in Gokarna on Kali day 
16,53,387; it was not, however, seen on the banks of the 
Nila river. (69) 

Again on Kali 16,55,130 a solar eclipse was seen in 
Gokarna which Was not observed at the confluence of 
river Nila and the sea. (70) 

However a discoloration at the fringes of the solar 
orb was suspected by some students (of astronomy) even 
here on the banks of Nila on the above d^te. (71) 

On Kali 16,52,000 a clear solar eclipse was observed 
in the region of Nava. (72) 

The gnomonic shadow at the moment of contact 
at this eclipse has been stated by some to be forty, 
while others stated it as thirtyfive, on individual 
(reckonings). (73) 

On Kali 16,55,662 on the banks of the Nila river the 
Sun was seen by keen viewers slightly eclipsed. (74) 

The gnomonic shadow at the first contact of this 
eclipse was fifteen and at the last contact it was nine 
and a half. (75) 

On this day, the eyes of those observing the Sun's orb 
were not hurt; it is therefore to be presumed that the 
heat then was much subdued. (76) 

On Kali 16,43,524, the gnomonic shadow at the 
commencement was eleven and the end (of the eclipse) 
occurred in the afternoon. (77) 

In this case, the duration (of the eclipse) was more 
than nine nddikds and hence the Sun also had to be 
computed by experts by , the method of successive 
approximation. (78) 

On Kali day 16,47,156, as the eclipse ended, the Sun 
was setting with a quarter nddi to go. (79) 

On Kali 16,48,722 at the first contact, the Sun's 
gnomonical shadow was twentyfour. (80) 

On Kali 16,55,484, at the time of last contact, the 
gnomonic shadow of the Sun was five and a half. (81) 
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Lunar eclipses 

On Kali 16,55,647 the Moon's shadow at the moment 
of first contact was fifteen and at the moment of last 
contact it was two. (82) 

On Kali 16,55,293, the lunar eclipse due was not 
visible in the sky. (83) 

On Kali 16,52,694, (at lunar eclipse), the Moon was 
seen by people as slightly eclipsed. (84) 

On Kali 16,54,614 a total lunar eclipse was witnessed; 
so also on Kali 16,53,403. (85) 

Li fact several more eclipses, both solar and lunar, 
have been observed by me though not documented 
here. (86) 

On considering the differences between the observed 
and (computed times of) the said past eclipses (and 
identifying the corrections which would obviate the 
said differences), I am setting down below the (true 
positions of) the Sun, the Moon, the Higher Apsis and 
the Node (at sunrise for a contemporary date, for the 
first point of Aries, so as to serve as zero- corrections for 
calculations beginning from that date). (87) 

On Kali 16,51,700, the positions of the Sun at sunrise 
at the first point of Aries is 15', the Moon at Libra is 
4° 6', the Moon's Higher Apsis in Capricorn is at 9° 57' 
and the Node in Leo is 23° 55'. In the case of the Sun, 
Moon and Node, half and more than half of a second 
has been taken as a full second. (88-90) 

The above are the position' of the Sun, the Moon, 
Higher Apsis and Node at the above specified time. 
For arriving at these results the special correction has 
been postulated by me as above. (91) 

If the planets are taken as computed according to 
the Parahita system, then the correction enunciated 
above (in verse 5) has to be applied, for that is the 
situation. (92) 

In the times to come also, similar corrections may 
have to be postulated by expert astronomers. (93a). 
(KVS) 

2.8.1. ' ei i ^lgflHI^ ' ^ i fcHkd) ^d|ac^<m :f% 



VThe dates, of the several eclipses noticed above occur on dates 
beginning from A.D. 1393. 



foJliRwQlM 4|UA|^w I set 5TWT— 

q^5+Ky||<4.# Tfr^fT 4tdhH <|£dd : II 1 

(OmV 57V15'') sfr f^nft: I < 
(7 r 4° 15') ffir ^|'Rt^ : I ' ^ft TRT ' (8 r 29° 26') 

5H^Jf: I 'wrrk tf: ' (7 r 7° 14') ffa ^RT: I 
^I.Wf qfhw:,. xi*Mld ' q^l+KiHI W ' ffr I cPTTW- 

' anm ' (5 n 40 vin ) top? i <rer Pn i dU 3iwnm $wf$- 
i?mt 'to' (20) ftRT^^r; i cp*t vhh i faw^pn ^ 

'^TTI (2 ang 18^™*) I ^INi^ld^f l ^ Md* H I cT?- 

(T 12° 3' 12*) Sfr I H ^H^^MI^ 

STfRT: Mdl^li ^rTFT Wt^1%^wt^ ^fefTFF^TFT I 

( ?¥T)Ttft?f: I feftt <T <lf«IMd+l< fosftw I ST: *$dHI«r- 

^TT^ ^cqr: I rr^T T5^t nTd+W^^HH^ I cTFT TOM- 
=5T fa«K+*ll: STFIT ^ I 3T%T ^WT^TT f^T 

^oA||: | dd^i^+^dl+^l WT^T I rT^^r-h^ ' ^T: ' 
(78') f%^nri TsnfT WT^:^:' (7 r 10°45' 12 ff ) 
W»d<R< : I W 3FPf^R few ^<MI«llR**IH^d II 2 

(Nilakantha, Jyotirmimdmsa:KVS, pp. 35-36) 

Methodology of Revision adopted by astronomers ' 

The Bhata-correction enunciated through the verse 
commencing with the expression vagbhavona is referred 
to here as Sakabda-samskara. Since the system of 
Paramesvara (A.D. 1360-1455) is posterior to that of 
Siddkantasekhara (of Sripati, A.D. c.1000), the mean 
positions of planets computed according to the former 
would accord (better) with observation. Hence, for 
(the eclipses) enumerated (by Paramesvara) in his 



1 This solar eclipse observed by Paramesvara has been depicted 
in verse 77 of the series of eclipses cited by him in the extract 
given above, 2.7.1. 

. 2 For further steps, see Jyotirmimarrisa-.KVS, pp. 36 ff. 



2. 9. 1 



INDIAN ASTRONOMY— A SOURCE-BOOK 



16 



Siddhantadipika and of those observed and enumerated 
by me (Nilakantha) in various contexts, compute: 

(i) the mean Sun etc., as directed by ParamesVara, 

(ii) their true positions as directed by Sripati and 

(iii) by the special process explained by me in my 
(Bhdsya) on the Kalakriyd and Golapadas of the Aryabhatiya. 

Take as the first case the following instance : 

'On Kali day 16,43,524, (at a solar eclipse), the 
gnomonic shadow at commencement was eleven and 
the end (of the eclipse) occurred in the afternoon. ' 

Here the ahargana referred to is at sunrise preceding 
the eclipse. The mean Sun then is r 11° 57' 15", 
correct to seconds. The mean Moon correct to minutes 
is T 4° 15'. The Moon's Higher Apsis is 7 r 7° 14'. 

The commencement of the eclipse is to be tested first, 
since it has been stated that 'the gnomonic shadow is 
eleven at commencement. 5 There too the process of 
successive approximation has to be done. The rough 
time elapsed after sunrise might be understood from the 
measure of the shadow. That comes to 5 nddikds, 40 
vinddikds. Now, at Asvatthagrama, on the bank of river 
Nila, the desdntara (longitudinal time difference) is 20 
vinddiSy positive. The Equinoctial shadow is 2 angulas 
and 18 vyangulas. The sum of desdntara and time 
elapsed after sunrise is 6 nadis. (The longitude for) 
the motion thereof should be added to the longitude at 
sunrise. The mean Sun would then be T 12° 3' 12". 
This is not for six nadis after the local sunrise but for 
that of the ghafikdmandala at the western horizon at 
180° from Lanka at the junction at the local N-S line, 
the horizon and the Equatorial E-W line. This is from 
the rise at a place having the longitude of mean Sun, 
but not from the time of sunrise. The difference in 
motion in terms of prdnas of mean Sun and the corres- 
ponding true Sun has now to be applied in toto to the 
mean, it being positive if the true prdnas are greater, 
and negative if less. The true prdnas are calculated for 
the first quadrant using the formula enunciated in the 
verse istajyagunita etc. and added to six. In the second 
quadrant it has to be subtracted from six rdsis. In the 
third, it is to be added to six rdsis. In the fourth, it 
is to be subtracted from twelve rdsis. In places having 
latitude (i.e. north or south of the equator) , prdnas equal 
to half local ascensional difference have to be subtracted 
from the true prdnas if (the Sun is in the six rdsis) 
beginning from Aries and added if beginning from 
Libra. The result would indicate the rising point of 
the ghatikdmandala at sunrise. The difference in 
minutes between this point and the mean Sun would be 
in prdnas. In all cases these have to be multiplied by 
their respective rates of motion and divided by 21,600 
and the resultant minutes applied to the respective 



means. In the case of true longitudes, the multiplica- 
tion is to be by the rates of true motion. For this 
purpose the true Sun has to be computed. Now, the. 
bkujdphala (of the mean Sun found above, viz., 7 r 12° 3' 
12") is 78' (1° 18'). (Applying this to the mean), the 
true Sun is T 10° 45' 12'. To this the precession of the 
equinoxes has to be applied and the prdnas of ascensional 
differences are to be derived. 1 (KVS) 

2.9. L 1. '*ftf^T' <H4$o6tK ^ffirft I 'wr 

srnpr ii ... . 

2. 1 m<h^ <h ' 4dwiR ^ftFt i fwmT: ^m- 

3. 3TFT cFFTt '<il*fl<U:' I 

5. g^fkd*A| <*i*fte<^ ftr^r: ' ^wq: ' i 

(sfpS vyif|f^e : |ijrS5^fpr ; Ms. Baroda 9886) 



O Ml 



4)>MH I dd 1 d L H I ftl 4^ < LL Tl &=\ 1 16 
cT^ cTcT^ ^T^^T II X II 



1 For various and other allied revisions, see jyotirmimdqisd: KVS t 
pp. 36 ff. 
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tor qffr^f Trwf^r^T i 
irsor'fmrnt fwr stress ^^itiiR ' sfiiwii*jfa 

tT*TTR ' 3TT wmm<*h< Ttj^T II 

(Ulioor, A>ra& Sahitya-Caritram, II. pp. 321-22) 
Academic genealogy of Govinda of Kerala 

Govinda is a Bhattatiri of the Talakkulattur family 
(of namputiri brahmins) . His date of birth is Kali 
15,84,362 (in A.D. 1237). His ancestral house is near 
Keralesvara (in north Kerala). (1) 

Paramesvara, (the grandson of Govinda's pupil) 1 
is a namputiri of the Vata&eri family. Paramesvara 
resided on the northern bank of the Nila river (in north 
Kerala). (2) 

His son is Damodara. (3) 

His pupil is Nllakantha Somayaji. He is the author 
of Tantrasangraka, Aryabhatiyabhasya and other works. 
His date is knowr; from the Kali day 16,80,553 (in A.D. 
1500). (4) 

Of the aforesaid Damodara, Jyesthadeva is the pupil- 
He is a namputiri of the Parankottu (family). It was 
he who wrote the work Yuktibhdsa. (5) 

The pupil of Jyesthadeva is Acyuta Pisarati belonging 
to Trkkantiyur (in Central Kerala). He is the author 
of Sphutanirnaya, Goladipika and other works. 2 (6) 

I, (Krsnadasa or Krsnan Asan), worship the feet of 
my father and teacher widely known everywhere as 
Raman (Asan), famed as a promulgator of the name 
of god Rama and teacher of even teachers of Jyotisa. (1) 

I adore the teacher of my teacher, most compassionate 
and resident of Vyaghra-mukha-mandira (viz. Puli- 
mukhattu Potti, in Malayalam). (2) 

I adore also his (viz. Potti's) teacher, the great 
intellectual, thought-reader, noted astronomer and of 
unimpaired reputation , Na vayikkulattu Azh at i . (3) 



1 Cf. Paramesvara's own statement towards the beginning 
of his commentary on Govinda's Muhurtaratna: "By revered 
Govinda was raised (or 'composed*) the Muhurtaratna from 
(churning or ransacking) the ocean of the science of muhurta, with 
a compassionate mind (towards learners of the subject). And, 
on that work a short commentary is being composed by me, 
Paramesvara, who is the grandson of the pupil of Govinda." 

8 The above genealogy furnishes a lineage as noted below, 
with dates determined from other sources: Govinda (born A.D. 
1237)-> pupil: grandfather of Paramesvara (15th cent. A.D.)->- 
grandson Paramesvara (1360-1455)->son: Damodara (15th cent.) 
^pupil: Nilakantha Somayaji ( 1443- 1560)-> pupil: Jyesthadeva 
(1500-1610)^pupil: Acyuta Pisarati (1550-1621). 
3 



His teacher was Trppaiiikkara' Potuval of 
Kolattunadu (in North Kerala), the foremost of all 
contemporary teachers, respected by the learned.. I 
bow at the feet of this scholar who is my teacher's 
teacher. (4-5) 

PotuvaPs teacher was Acyuta Pisarati who was a 
superman, a repository of all sciences, and who was 
the teacher of Melputtur (Narayana) Bhattatiri who 
lived for twice fifty three years. I always keep in 
mind, in a very special manner, the twin lotus feet of 
this teacher. 3 (6) 

The pupil of Krsnan Asan was Daksinamurti 
Muttatu of the Marigalasseri family at Aranmula (in 
central Kerala) . The pupil of Muttatu was Balaraman 
Pilla, a holder of the office of Samprati. His pupil was 
Vidvan Cerunni Koyittampuran of Kilimanur (south 
Kerala) . The pupil-lineage extends still further. 4 (KVS) 

2. 10. 1. ^^NQ^1^ddlM^UA^ | ^^<ilH^4^ I 

d^H^ ^T^Tfet ^f^pTTRT «ivi«w4q^i: 1 1 

^ rfkm^t Rn<lH"j|c*?rTi^Ti^ f% i 
ftp* <rcnf ^ t*f ^JwJ^jA ii#n*w^*t ii 

^^[^^M^n^d^r^^i fef tfhxTr^T II 

(Kamalakara, Si. Tattvaviveka, Upasamhdra Sn. s 7-14) 

Kamalakara's academic genealogy 

There lived in the prosperous village of Gola, lying 
on the northern bank of river Godavari, a Maharashtra 



3 The above lineage might be set down as follows, with dates 
furnished from other sources: Acyuta Pisarati (1550- 1621) ->pupil: 
Trppanikkara PotuvaJ (17th cent.)-> pupil: Navayikkulattu Azhati 
(17th "cent.)->pupil: Pulimukhattu Potti ( 1686-1 7 58)->Raman 
ASan (18th cent.)->son, pupil: Krsnan Asan (Krsnadasa) 
(1756-1812) 

*The lineage with dates: Krsnan Asan (1 756-18 12)->pupil: 
Daksinamurti Muttatu (1 8th cent.)> pupil: Balaraman PiJJa (19th 
cent*)Vpupil: Vidvan (Karindran) Gerunni Koyittampuran 
(181*2-1846). 

The lineage depicted above thus extends to more than 600 years, 
from 1237 to 1846. 
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brahmin named Rama (c. A.D. 1450), an ornament to 
the Bharadvaja gotra. (7) 

Rama had a son Akhilamanya Bhattacarya (?), 
saintly and learned in the gastras. (8-a) 

He had a son named Divakara, who constantly 
worshipped with pleasure (god Ganesa) son of Siva 
and who passed away in the holy city of Kasi (Varanasi) 
studying the Vedanta philosophy. (8b-9a) 

The great teacher Divakara had a renowned son 
named Krs^.a Daivajna, 1 a great saint, teacher of 
brilliant pupils and a master of all sciences. (9b- 10a) 

His son was Nrsirhha, the greatest of the masters of 
the sphere and respected by all astronomers. By him 
were composed a Bkasya-comment&ry on the Surya- 



1 Krsna Daivajria had three brothers, all astronomers: Visnu 
(fl. 1608), author of Brhaccintdmani-tikd and Saurapakfagapita; 
Mallari, author of Grahatdghava-tikd ; and Visvanatha, author 
of several commentaries, including Siddhdntarahasyoddkararia, 
Brahmatutyoddkararia 9 Kesavapaddhatyuddharana and Karariaprakdio- 
ddharana. The last had an astronomer son, Tryambaka, who 
has at least two works to his credit, Vifnukarariarfikd (1663) and 
Paddhatikalpavalli ( 1 673) . 



siddhanta, an excellent Vdrttika^xma/cnXoxy on the 
Siddhantatiromani (of Bhaskara II) and the twin works 
on astronomical rationale Graha- and Gola-tattva, for his 
own use and for the benefit of others . ( 1 Ob- 1 1 ) 

His son was Kamalakara, who, at his father's benign 
instance, imbibed the science (of astronomy) from 
his elder astronomer-brother Divakara. 2 For the 
delectation of astronomers, he expounded astronomy 
fully according to the Arya system through his Work 
Siddhdnta-tattvaviveka, correlating earlier theories with 
the new theories of spherics and geometry. This he 
(Kamalakara) did at the elapse of the Saka year 1580 
(A.D. 1658), while residing at Varanasi on the northern 
banks of river Ganges. 3 ( 1 2-1 4) . (K VS) 



2 Divakara (b. 1606) was as eminent scholar, author of Jdta- 
kamdrga with commentary, Praudhamanoramd, Makaranda~vivararia, 
Pdtasdrant-tikd and Var$aganitabhu$ana with commentary. 

8 Kamaiakara had also an younger brother Rahganatha, author 
of several astronomical works like Lohagolakhandana and Bhangi- 
vibhangikarana. 

It might be noted that the lineage of this family of astro- 
nomers has been traced in the above verses for about 250 years, 
from 1450 to 1 700. 
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3. 1. 1. gT KKKtM cT^Fft 

3F*T: f^mfte Tfpf *mfar II <\ H 

* to Pj^t ttct h ^ h 

d^W'H^dMWd+H II 3 M 
4>HW«i ^H^ddlfe 

gfe sr<fMi w^nft *hWt ii y ii 

T^fTSTT *fRWH 

^rr sr^mr snrftr: M<*dM n K n 

$3" SHMIdl fcT ftqfe: I 
OT^^^3TT^5 II % 11 

^T3Tf ST^t* II * II 

(57, 10.129. 1-7) 

The Universe: Mystery of its origin 

Then was not non-existent nor existent : there was no 
realm of air, no sky beyond it. 

What covered in, and where ? and what gave shelter ? 
Was water there, unfathomed depth of water? (1) 

Death was not then, nor was there aught immortal: 
no sign was there, the day's and night's divider. 

That One Thing, breathless, breathed by its own 
nature: apart from it was nothing whatsoever. (2) 



Darkness there was : at first concealed in darkness this 
All was indiscriminated chaos. 

All that existed then was void and formless: by the 
great power of Warmth was born that Unit. (3) 

Thereafter rose Desire in the beginning, Desire, the 
primal seed and germ of Spirit. 

Sages who searched with their heart's thought 
discovered the existent's kinship in the non-existent. (4) 

Transversely was their severing line extended: what 
was above it then, and what below it ? 

There were begetters, there were mighty forces, free 
action here and energy up yonder. (5) 

Who verily knows and who can here declare it, 
whence it was born and whence comes this creation ? 

The Gods are later than this World's production. 
Who knows then whence it first came into being? (6) 

He, the first origin of this creation, Whether he 
formed it all or did not form it. 

Whose eye controls this world in highest heaven, 
he verily knows it, or perhaps he knows not. (7) 
(R.H.T. Griffith) 

3. 2. 1. 3rr#rTTT: d^TTT ^WS^R |t I 

^piW ^TT f^l^SMfWT: II ^ II 

(Varaha, Br Sam., 1.6) 

Evolutionary ideas 

It appears that originally, i.e. before creation, there 
was nothing but darkness everywhere. Then water 
came into existence. From that sprang a fiery golden 
egg consisting of the two parts of the shell, viz. heaven 
and earth. Out of this arose Brahman, Creator of the 
universe, with the luminaries (the Sun and the Moon) 
as his eyes. (6) . (M.R. Bhat) 
3.2. 2. ^£5f ^ ^ffteRT dWtSUMHa I 
flcfT <l<?JMWd <RT: *PTSt II 1 II 

arg kidifti fa^nr ft^Fr fewl* ii ^ n 

^qfckriutfl €TRTT *ni^+<rM4d I 
fc«f cpseff ^l*di<«HH«fl II 3 II 

(RV, 10.190. 1-3) 

Truth and truthfulness were born from intense 
penance. Hence was darkness born and thence the 
watery ocean. (1) 
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From the watery ocean was born the year, ordain- 
ing days and nights, the controller of every living 
moment. (2) 

The Creator then created, in due order, the Sun, the 
Moon, the sky, the earth and the regions of the air and 
light. (3). 

3. 2. 3. cH4l£l Hd*HKk*H ^TcT: I ^l+iyil&FT: I 

{Taitt. Upd., Brahmavalli, 1) 

Verily from this Soul space arose; from space, arose 
air; from air, fire; from fire, the waters ; from the waters, 
the Earth; from the Earth, vegetation; from vegetation, 
food; and from food, man. (KVS) 

3,2.4. t^TT ^ 5fHT 5T ftTOT I 

3T^TTW d^M4^R II 3 1 1 
^rlHH^I ^ 3TRTT 1 1 Ya 1 1 

3J?TT 3TT TT^rr <H4*WWdH II V II 

(W 10.72 1-4, 7-9) 

Let us with tuneful skill proclaim these generations 
of the Gods, that one may see them when these hymns 
are chanted in a future age. (1) 



These Brahmanaspati produced with blast and 
smelting, like a smith. Existence in an earlier age of 
Gods, from Non-existence sprang. (2) 

Existence, in the earliest age of Gods, from Non- 
existence sprang. Thereafter were the regions born. 
This sprang from the Productive Power. (3) 

Earth sprang from the Productive Power. The regions 
from the Eaith were born. (4a) 

When, O ye Gods, like Yatis, ye caused all existing 
things to grow, then ye brought Surya forward who 
was lying hidden in the sea . (7) 

Eight are the Sons of Aditi who from her body sprang 
to life. With seven she went to meet the Gods: she 
cast Martanda far away. (8) 

So with her Seven Sons Aditi went forth to meet the 
earlier age. She brought Martanda (Sun) thitherward 
to spring to life and die again. (9), (R.H.T. Griffith) 

3. 2. 5. ^sHTT ^Rft STRT^Sft: *pff S^TTW I 

(RV 3 1.90 13-14) 

The Moon was gendered from his mind, and 
from his eye the Sun had birth; Indra and Agni 
from his mouth Were born, and Vayu from his 
breath. (13) 

Forth from his navel came mid-air; the sky was 
fashioned from his head; Earth from his feet, and from 
his ear the regions. Thus they formed the worlds. 
(14). (R.H.T. Griffith) 



4. RNMR - VIEWS AND CONCEPTS 



4. 1. 1. Mo^qfl^dq^ l W I M»«K H$*l\?\: I 

#yK+M**fl ^ ^m#2?cft ^T: in II 

FT^ TfcTTfTFTt *RI# #SQTSft ftflFT II 3 II 
^T^F*T^T^"^T f^JI ^si i f§i 

H$<\m ct^tst: ii y ii 

(Varaha, PS, 13. 1-4) 

Nature and situation of the Earth 

The spherical Earth, which is constituted of the 
five elements, stands poised in the region of space 
as if it is an iron ball held in position in a cage of 
magnets. (1) 

The whole earth -surface is spotted by trees, mountains, 
cities, rivers, oceans, etc. The Meru mountain, (form- 
ing the North pole), is the abode of the devas (gods). 
The Asuras (demons) are down below (i.e. at the 
South pole.) (2) 

Just as the reflection of the objects on the bund of a 
water source is upside down, so the asuras are, (with 
respect to the devas.) The asuras too consider the 
devas to be upside down. (3) 

Just as the flame of the fire, observed by men here, 
flares upwards, and anything thrown up falls down 
towards the earth, the same upward flaring of the 
flame, and the downward falling of a heavy object is 
experienced by the asuras (at the anti-podal region.) 
(4). (TSK) 

4.1.2. wq^rH^^mtfi ^WcHl"Hd: ^gf: I 
WpPKr^ftW HMcHaKKHH mfo: II <l II 

*tS: fc*KT dTKrfl ^ftroft f ^rf^PT: ^TKT II 3 II 

$Mr<faHKKK*l l fafrM'Mq || Y || 

^Tfrfy^HM< J ll: ^ «J*»W' ^T^TT rTsfM^TST: I 

w^mR ^rw^rt wrfc # ^5: 11 K 11 



*fto: TO^frf^fe SRcT: 5rf%rf: 1 1 % 1 1 

(Lalla, SiDkVr., 17.1-6) 

This sphere of Earth, made of akasa, air, fire, water 
and clay and thus having all the properties of the five 
elements, surrounded by the orbits (of the Moon, etc.), 
and extending up to the sphere of stars, remains in (the 
centre of) space. (1) 

Just as a ball of iron, when placed amidst pieces of 
magnets, remains suspended in space, in the same manner 
this globe of Earth remains in space unsupported, while 
itself remaining the abode of all. (2) 

Yamakoti is to the east of Lanka (which is in the 
middle of the Earth), and Romaka is to the west. 
Siddhapura is beneath Lanka (just opposite) ; the Meru 
(mountain) is to the north and the abode of the demons 
is to the south. (3) 

These (four cities) are on islands. Meru is on the 
land and the abode of the demons (in the south) is 
surrounded by water. These six places are believed 
to be situated transversely at a distance of one fourth of 
the Earth's circumference, (that is 90°), each from the 
next one. (4) 

Those who are at a distance of half the Earth's 
circumference from each other are antipodes, just as a 
man (standing on the bank of a river) and his reflection 
in the water. The sky is above all. This (globe of 
Earth) is beneath it. The inhabitants are on the 
surface of the Earth- (5) 

This globe of the Earth is covered on all sides by trees, 
mountains, cities, gods, demons and human beings, 
just as a (ball-like) kadamba flower is beset with anthers 
and bees (all around). (6). (BG) 

4. 1. 3. mtit ^rwrsfer ^tPt i 

ddl(y+) ^<HI«rt:*«ft 3% HcMbRri ... II 
(Kamalakara, Si.Tattvaviveka, Madhyama, 124) 

Earth's crust mostly under water 

The surface of the Earth sphere is covered with water, 
with portions also above water. However, the greater 
part of it is under water, and only a smaller part of 
it is above. (124). (KVS) 
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4. 1. 4. grft ^TRT W?ril: 

^ cT^T ufam^d : II 13 II 

(Bhaskara II, SiSi. 9 2.ii. Bhuvana. 13) 

Illusion of the flatness of the Earth 

An infinitesimal part of the surface of the huge Earth 
would, indeed, appear flat. And, to a man standing 
on that (infinitesimal part) the whole Earth would give 
the illusion of flatness . (KVS) 

4. l. 5. Twrfi": +P6HI' srfa: m f eft ^rr^r i 

«H«4pK<U<"lld *fvFT: ^l^tsPr *[f% II 
(Kamalakara, Si. Tattvaviveka, Madhyama, 206b-7a) 

Cause of Earthquakes 

The Earth's crust is hard and rocky. Where, however, 
a fissure occurs due to lack of strength, gases emerge 
forcibly causing the Earth to quake, when there would 
also be constant terrific noise. (206b-207a) . (KVS) 




1.8.3) 



is 



4.2.1. ^f^ST^^TT 

*H^<: I 

y&<\H<\"\\HW*iW*\: M \ II 

(Lalla, SiDhVr 

Motion of the Earth 

The celestial sphere, at the Earth's equator, 
constantly carried towards the west by the Pravaha wind. 
To the gods (at the north pole) it appears to move (from 
the left) to the right and to the demons (at the south 
pole from the right) to the left. (3) . (BG) 

4. 2. 2. 3TR^: ^5^cr«TT ^Hft^+I ^ I 

«kH*d <TaR: TTP^: ^m%?T: J^WN^sqf: 11*111 

' ¥i<i(i<wi*w '^Mdifn 



: *WlP-d *RT: II ^ II 

(Lalla, SiDh Vr., 18.1 -2) 

The seven winds 

The seven winds (surrounding the Earth) are Avaha, 
Pravaha, Udvaha, SarhVaha, Suvaha, Parivaha and 
Paravaha. Avaha is known as Ku-marut (atmosphere) 
according to others. (1) 

The circumference of the orbit of the Avaha sur- 
rounding the Earth is 3375 yojanas. The wise main- 
tain that its diameter is 1074 yojanas. (2) 



4. 3. l. ft^tflMf^fl ffi i fH l 

Miwtal d^< g^T: 
Hy4* l g fa«lfiHl*Hd«i : || Y )| 

^<H^^d< : ^ftw II X II 
^<l^<|U|i Um\< ^ ^TcTt 

*T era" 

cT«TT OTT H^Pd It ^ II 

TOM: 4H*jl*H*5«d II \9 tl 
HW^rf^rf felfcNtl* STOW *TT 
VM^KW M^rdd^^dHId I 

ftrart^Tw ^mfa zft^T: || * || 

^TOTT TOT -HR-Hdl 
fe'drcHI<JM' cT^T Tft": II 5. II 

wfe fSTfa*r dd*dd: II V n 

(Lalla, SiDhVr., 18.4-10) 

Astronomical position of the Earth 

At the equator men always see the north and south 
celestial poles coinciding with the north and south 
points respectively of the horizon. The gods see the 
north celestial pole on their zenith while the demons 
see the south celestial pole on their zenith. (4) 

To the gods and the demons the equinoctial appears 
to coincide with their horizon. The gods never see the 
southern half of the ecliptic and the demons the northern 
half. (5) 

Whosoever proceeds from the abode of the gods or of 
the demons towards the equator, would observe the 
celestial sphere gradually rising and the celestial pole 
more and more depressed from his zenith, the depression 
of the pole from the zenith being the same as the ele- 
vation of the celestial sphere. 
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The number of degrees in the colatitude of a place, 
multiplied by 9j, gives the corresponding length in 
yojanas. (6-7) 

The elevation of the pole above the horizon is the 
same as the depression of the celestial sphere from the 
zenith. This latitude in degrees (elevation of the pole) 
multiplied as before by 9£, gives the latitude of the place 
\n yojanas, measured from the equator. (8) 

The zenith distance of the Sun multiplied by the 
(number oiyojanas) in its orbit and divided by 360, gives 
the zenith distance (in yojanas). 

(When the zenith distance is) J of the orbit minus 525, 
the Sun is on the horizon. (9) 

When the Sun is at the first points of Aries and Libra, 
the gods and the demons see it simultaneously on their 
horizons. Then after If days they gradually see it 
leaving the horizon. ( 1 0) - 1 (BC) 

4, 3. 2. <m ^HMET cRT: ^S^TtT <I4W*tNh I 

*TR^f$1 u fM<l u li 5T?q^f ^S^RT *TS*TRT II ^ II 

^fa*Ti ^rfFn: sf5i%rr m\t\<"\ i 

drMW^l WRT ft^nft fercft fa^dls^: II II 
(Varaha, PS, 13. 14-17) 

(For the devas, i.e. at the North pole, the zenith is the 
north celestial pole, any visible semi-great-circle passing 
through the zenith being a meridian on the earth.) It 
is 3 Signs' distance, i.e. 90°, from the zenith to the 
horizon. This is to be divided into 90 parts, so that 
each division is a degree. (14) 

These degree-divisions in the sky are zeniths of 
corresponding degrees of latitudes on the Earth along 
any meridian, and the distance between each degree of 
latitude is 8 8/9 yojanas. (15) 

Thus for 90°, there are 800 yojanas, as calculated. 
When an observer on any meridian sees the Sun risings 
it is midday on the meridian 800 yojanas (east) of 
him. (16) 

The midday of Lanka is the same as that at Ujjain, 
which is north of Lanka on the same longitude. But 
their day-time durations are different, except when the 
Sun is on the equator. (17). (TSK) 

4. 3. 3. Mfdfa^+K^ cT^t $W\< *TFT? £R: ^WJItJ I 



1 For notes see &DhVf: BC, II, pp. 252-53. 



<wm' ^mi Hl^i^i ? m^Ht^ ii ii 

WdK I *il gPW d<^<M^<M>Hd l: || ^ || 

^n^fer: «i«hhih ^rtwf i 
^rrfer wr *w *r <&w\h i i ^ 1 1 

fi|i*liMWMi«ldKVmHIIM II ^ II 

f^Wr^ft fe^T: f^l^l cTFTT ^ 1WT II 

(Varaha, PS, 13.20-29) 

At any latitude, the equatorial Sun is bent so many 
degrees south at midday, as the north pole is raised 
from the north point of the horizon. (20) 

Going north from Ujjain, 373 1 /3 yojanas, the stellar 
sphere, (marked by the 27 asterisms of the ecliptic 
rising in order), becomes discontinuous, (i.e. the order 
in the rising is disrupted.) 1 (21) 

At that latitude, the Son can be visible even 
throughout a day. North of this place, the Sun may 
not set more than one day, until at the North pole it 
will not set for six months at a stretch. (22) 

At a distance greater than 403 5/9 yojanas north of 
Ujjain, the signs Dhanus and Makara can never be 
visible. 2 (23) 

At latitudes north of Ujjain greater than 482 yojanas 
and a fraction, the signs, Vr^cika, Dhanus, Makara, and 
Kumbha will never be visible. 3 (24) 



1 At 66° North latitude, which is 42° — (66° — 24°) north of 
Ujjain, peculiarities occur in the rising of the signs of the ecliptic, 
duration of day-time etc. 42°— 373$ yojanas. 

2 The Dhanus and Makara segments of the ecliptic have a south 
declination greater then 20° 36'. In the north latitudes 90° — 20° 
36' ( a* 69° 24') and beyond, the zenith distance of these signs 
becomes greater than 90°, and so they are not visible in those 
latitudes. 69°24' is 45°24' north of Ujjain, i.e. 45°24'x 8 8/9=403 
8 /9 yojanas north.) 

3 These four signs have a declination greater than 1 1°44' south. 
Therefore, at latitudes 90°— 11 44'3=78°16' North and more, these 
signs cannot be seen, since their zenith distance is greater then 90°. 
78°16'is54 16'northof Ujjain= 5 54°16'x 8 8/9=482 10 /27 yojanas.) 
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586 2/3 yojanas north, of Ujjain, i.e. at the North pole, 
the second half of the ecliptic, i.e. the signs Tula to MTna, 
cannot be seen. 1 (25) 

People on the equator see the north polar star on the 
horizon. At the north pole they observe it at the zenith . 
In between, people observe it at latitudes 0° to 90°. (26) 

For the people on Meru, i.e. at the North pole, the 
Sun is visible at a stretch when it is in the six Signs, 
Mesa to Kanya. When it is in the next six Signs, it is 
visible to the demons at the south pole, at a stretch. (27) 

For them, the first point of Mesa is the Lagna or 
Orient ecliptic point, permanently. Mars is the Lord 
of the Drekkdna, Navathsa, Dvddasamsa and Trimsdmsa 
lagnas permanently. (28) 

Lanka is beneath the celestial equator, i.e. the celestial 
equator itself is the prime vertical at Lanka. There the 
stellar sphere is equally divided (into the northern 
half with the North pole at its centre, and the southern 
half with the South pole at its centre). There the day 
and night are always 30 nadis each. (29) . (TSK) 

4. 4. l. frWknqid : wr^rt f^<=icii qfrf^r: i 
Hr^cH^j Trim: *pfeft fer: n <n n 

(Aryabhata I, ABk. 9 4.1 1-12) 

Meru mountain 

The Meru (mountain) is exactly one yojana (in 
height). It is light-producing, surrounded by the 
Himavat mountain, situated in the middle of the 
Nandana forest, made of jewels, and cylindrical in 
shape. (11) 

The heaven and the Meru mountain are at the centre 
of the land (i.e., at the North pole); the hell and the 
Badavamukha are at the centre of the water {i.e., at the 
South pole) . The gods (residing at the Meru mountain) 
and the demons (residing at the Badavamukha) 
consider themselves positively and permanently below 
each other. (12). (KSS) 

4. 5. 1. 3^TT *fr <r|-$Wi *ftsscT*PT: tffa^q I 

(Aryabhata I, ABh., 4.13) 

1 Being situated south of the celestial equator, the zenith distance 
of these signs from the North pole is greater than 90°, and therefore 
they are not visible at the North pole. The distance of the North 
pole from Ujjain is 90°— 24°= 66°== 586 2 /3 yojanas. 



Lanka, Ujjayini and Prime meridian 

When it is sunrise at Lanka, it is sunset at Siddhapura, 
midday at Yavakoti, and midnight at Romaka. 1 (13). : 
(KSS) 

4. 5. 2. <4 <JM IcWJilcKfl**! H«4 <^<M4 M I 

stww frowtwTWrit II ^3 II 

(Bhaskara I, LBh., 1.23) 

Indian prime meridian 

The line which passes through Lanka, Vatsyapura, 
Avanti, SthanesVara, and Meru (the abode of the gods) 
is the prime meridian. (23). (KSS) 

4, 5. 3. ^\ *j| ^ *\ hn i <*r*t s&'ft I ^J^h fy\ 1 M I V| c( "^'^^^H T*l I 
H^Hl : d^j^l ^TtrTOr: II 

(Aryabhata I, ABh., 4.14) 

From the centres of the land and the water, at a 
distance of one-quarter of the Earth's circumference, 
lies Lanka; and from Lanka, at a distance of one-fourth 
thereof, exactly northwards, lies Ujjayini. (14). (KSS) 

4. 5. 4. TW[ faWT ^TS^mftr I 

(Lalla, SiDhVf., 19.40) 

A planet reaches simultaneoulsy the zenith at all the 
regions on the prime-meridian. 

(The city of) Avanti (or Ujjain) is at a distance of 
l/16th part of the earth's circumference (from Lanka) 
to its north. (40). (BG) 

4.5.5. <h&+m: wwrt fmt^ti 

^fN<^<HfM 4kHHI?H«?1H II <\ II 
fWTRTT m^l<l cT«TT ^WT 

(Bhaskara I, MBk., 2.1-2) 

From Lanka (towards the north, we have the following 
places on the prime meridian) : Kharanagara, Sitorugeha, 
Panata, Misitapuri, Tapat m, the lofty mountain called 
Sitavara, the wealthy town called Vatsyagulma, the well 



1 Lanka is supposed to be at the place where the meridian of 
Ujjayini (long. 75°.43 E., lat. 23°.09 N) intersects the equator, 
Yavakoti 90° to the east of Lanka, Romaka 90° to the west of Lanka, 
and Siddhapura diametrically opposite to Lanka. 
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known Vananagarl, Avanti, Sthanesa, and then Meru, 
which is inhabited by happy people. For those who 
reside in these places, the correction for the longitude 
(of the local place) does not exist. (1-2). (KSS) 

4. 5, 6. <?Tfr JHKt § cRR^ 

$ *\*\<\W II 1 M 

srrwrrmT^FTT HgfiniH OP^^h i 

|Ucfl ^ <^ f^TR twWtWT ?T^TOT II ^ II 

(Vatesvara: VSi , 1.8.1-2) 

Lanka, (then northwards), Kumar! , then Kanci 
Manata, Asvetapuri, then northwards, the Sveta 
mountain, thereafter Vatsyagulma, the city of AvantI, 
then Gargarata, Asramapattana, Malavanagara, Patta- 
Siva, Rohitaka, Sthanvisvara, the Himalaya mountain 
and lastly Meru — (these are situated on the prime 
meridian). For these places correction for longitude 
is not needed. (1-2). (KSS) 

4. 5. 7. ^ I dldW *3TT ^IdHMHdl I 

(Deva, KR, 1.29) 

Local place relative to prime meridian 

If the (lunar and solar) eclipses occur after the 
calculated time, then the observer is to the east of the 
prime meridian; otherwise, to the west. 1 (29). (KSS) 

for: 

4. 6. 1. 5j: M4H^KWHJ S#Tft <TC*T ^W+WI FTT^f I 

tfteft sppnr zrf^r mr ftrr ^rf^T i 
s^t ^TfFH d^i^iMi ^m: ii ^ n 

(Lalla, SiDhVr-> 19. 33-34) 

Cardinal directions 

The feet of a man point downwards and his head 
upwards. These directions will, therefore, be up and 
down. The direction in which the Sun rises is the east 
and that in which it sets is the west. (33) 

The celestial pole points to the north ; and the direction 
opposite to it is known as the south. All these directions 
meet at the point where the observer is. (34). (BC) 

4. 7. 1. iM^M^M^IH^i 



1 The calculated time (as stated above) is the local time for the 
place lying at the intersection of the prime meridian and the local 
circle of latitude. 



g)G|<ri^ ^N" spftscsrsr: 1 1 ^ 1 1 
^rfcf arsf^R^f^ft i 

d^ld l fHdWfH ^WH 

?T cT^TfeT *pT: ^ Hd^*0 II s II 

(Lalla, SiDhVr. y 17.7-8) 

Gravitational pull of the Earth 

Just as a house-lizard, resting underneath the cross 
beams of the ceiling of a dwelling, runs forward without 
hesitation, so do people on the bottom side of the sphere 
of the earth. (7) 

In our daily life (we see) that the flame of fire goes 
towards the sky and a heavy weight falls towards the 
earth. In the same manner, everything that has a 
surface to reach, makes for it. The Earth, however, 
nas no such surface. Where can it fall? (8). (BG) 

4. 8. 1. <| ^q^<H g£r qF^iqPwffcdd: ^"^FRT: I 
^ ^ftlRsMiy^ WfrT: SWtfYT: II \ II 
q^f ^^q^q-: srf^cT: «H^-dd: I 
<Tffe ^Hrt^fS: P^T^* Wfa": II ^ II 
^if^^T ^HRfcdK ^T^PT W% ffe: I 
fa^^<MI ^MRdHI*dfc^ ^r: n =; II 

(Aryabhata I, ABh, 4.6-8) 

Supportless Earth 

The globe of the Earth stands (supportless) in space 
at the centre of the circular frame of the asterisms {i.e., 
at the centre of the Bhagola) surrounded by the orbits 
(of the planets); it is made of water, earth, fire and air 
and is spherical [lit, circular on all sides) . (6) 

Just as the bulb of a kadamba flower is covered all 
around by blossoms, so is the globe of Earth surrounded 
by all creatures, terrestrial as well as aquatic. (7) 

During a day of Brahma, the size of the Earth 
increases externally by oneyojana; and during a night of 
Brahma, 1 which is as long as a day, this growth of the 
earth is destroyed. (8). (KSS) 
4. 8. 2. T5^rf*T c3T MiW ^jF^^TT: I 

art wr m^m ^rrfa: u u n 

{RV, 1.164.34-35) 

I ask of thee, where the ultimate end of the Earth is. 
I ask of thee, where the centre of the Earth is. 

1 For the measures of the day and night of Brahma, see below 
7.7.1-2. 
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This altar (and, for that matter, any point on the 
surface of the Earth) is the ultimate end of the Earth ; 
this sacrifice (performed on the altar) is (again) the 
centre of the Earth (since the Earth is spherical). 
(4-35) (KVS) 

4. 8. 3, 3TT5JT T^riftr R^iPh Tlf^T 

?wrt $3": f^p s^rnr i 
sr smr^ tffedT 

(/2F, 4.53.3) 

The brilliant Sun has filled the regions of the heaven 
with light. He enlivens the hymn for his own stregthen- 
ing. He has stretched out his rays, putting the world 
to sleep and awakening it by turns. (3) 

4. 9. 1. m~*< : fFTT: I ^ 4 1 4^ 1 4^ S|fa3«Rl+1 3W- 

(Prthudaka-svami, Com. on Brdhmasphuta Si.) 

Rotation of the Earth 

The sphere of the stars is fixed. It is only the 
Earth that is regularly rotating once a day, causing the 
rising and setting of the stars and the planets. (KVS) 

4. 9. 2. ^jfa: *T3Wt wrfd" I 

{Makkibhatta, Com. on SiS$. 9 1.39) 

The Earth rotates (from west) to east. (KVS) 

^r: J {ABh. 1. 6) . . . <hH*^K ^IHKlfeftu^l *T?#*T- 

(Prthudaka-svami, Com on BrahmasphutaSi., Gola., 30) 

The Earth's rotation had been accepted by Aryabhata 
also, vide his words ' The Earth rotates through 
(an angle of) one second per one prana (of time)' (ABh. 
1.6). On account of (possible) adverse criticism by 
people, Bhaskara I and others explained the verse 
to give it a different meaning. (KVS) 

4. 9. 4. ^r v^m^mN i iTm i ^M^dn , ^srawr ferc^T ^ i 

ftrat f^Tt^RTC ' 5fM ^1% ^rt : ' (aiiwk^, 1.6) ^Tl 
(Udayadivakara, Com. on LBh., 1. 3-33) 

Rotation of the Earth also has been accepted by 
Acarya (Aryabhata). Note that there is a variant 
reading (for ABk. 1.6) as 'The Earth rotates through 
(an angle of) one second per one prana (of time). 1 
(KVS) 



4. 9. 5. 




^m^rfr^rPm fim ^rwr ftrer: i 
^Twrf^wft wt^t: m$ srcfo in© n 

(Aryabhata I, ABh., 4.9-10) 

Just as a man in a boat moving forward sees the 
stationary objects (on either side of the river) as moving 
backward, so* are the stationary stars seen by people at 
Lanka (on the equator), as moving exactly towards the 
west. (9) 

(It so appears as if) the entire structure of the asterisms 
together with the planets were moving exactly towards 
the west of Lanka, being constantly driven by the pro- 
vector wind, to cause their rising and setting. 1 (10) 
(KSS) 

4. 9. 6. 'qf«rfr hRi^i' «t^tTW ^iwi^ftromr- 

*JW||fiMWHi %lRMWGl<lEPT Id I 

(Appaya Diksita, Veddntakalpataru-parimala, p. 201) 

(On the authority of) the Vedic statement, 'The 
Earth is stable 5 , the views of Aryabhata and others 
to the effect that the Earth is rotating has to be discarded 
as being against scripture and logic. 2 (KVS) 

CN 

4. 10. l. jjfefcHS <TfMt <mU- 

T^TpT fkm ddd-d fTOT: I 
^TFR TOT ^TT WT II 

(RV ) L52.ll) 

Dimensions of the Earth etc. 

Oh (God) Indra, were this Earth to magnify itself 
tenfold (i.e., infinitely) and men who live on it multiplied 
day by day, then and then alone will the lauded 
might and glory of yours be as vast as the heavens. 
(11). (KVS) 

4. 10. 2. qV»HWd l Rl m: hUmW "sftefT fo l frld l ln I 

d IM-M Id fa^t^S^? : ftrfrT II ^ II 

(Varaha,/tf, 13.18-19) 

1 The theory of the Earth's rotation underlying the above passage 
was against the view generally held by the people and was severely 
criticised by Varahamihira (d. A.D. 587) and Brahmagupta (628 
A.D.) The f ollowers of Aryabhata I, who were unable to refute the 
criticism against the theory, fell in line with Varahamihira and 
others of his ilk and have misinterpreted the above verses as convey- 
ing the contrary sense. 

Prthudaka (860 A.D.) in his commentary on the Brdhma-sphupa- 
siddhdnta, supports Aryabhata I's theory of the Earth's rotation. 
According- to him, the followers of Aryabhata I, who misinterpreted 
Aryabhata I, were afraid of the public opinion which was against 
the motion of the Earth. 

8 For a disquisition on the point, see P.K. Gode, 'Appaya Diksita's 
criticism of Aryabhata's theory of the diurnal motion of the Earth 
(Bhubhramanavada);^«^ oftheBORI, 19 (1938) 93-95. 
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The circumference of the earth is 3200 yojanas. When 
situated on the equator the Sun is visible from pole to 
pole at all latitudes, (making the day and night equal). 
(18) 

The middle of the Earth, (the North pole is meant 
here,) is north of Ujjain by 586 2/3 yojanas. It is north 
of Lanka by ODD yojanas. 1 (19) . (TSK) 

4. 10. 3. ifNHlfr UldM^dl (i^llPi <T I 

(Sffi., 1.58) 

Earth: Diameter and Circumference 

Twice eight hundred yojanas is the diameter of the 
Earth: the square root often times the square of that is 
the Earth's circumference. (58). (E. Burgess) 

4. io. 4. ' w*m<\ ' giH^ii ^rraT^rr: ^jMftwn*: i 

(Brahmagupta, KK, 2.1.6a) 

Multiply 5000 by the jya of the colatitude of the place 
and divide the product by the trijya. The result is the 
correct circumference of the Earth at that place. (6a) 
(BC) 

4, io. 5; 1 fr^rftr^rr ' <i**i«"c*iV 

f^frft w^mi n ^ab n 

(Deva, KR, 1.33 a-b) 

Ujjayini from Lanka 

3299 {yojanas) is the Earth's circumference; this 
divided by 16 gives the distance between Lanka and 
Avanti (or Ujjayini.) (33. a-b) (KSS) 
4. 10. 6. rftart tfNHdW T ftftfa: '^kll^H^WTO' 

'(Bhaskara II, 2.2.52) 

The circumference of the Earth sphere is said to be 
4967 yojanas. Its diameter is 1581 1/24 yojanas. The 
surface area thereof is 7,85,034 square yojanas, for it is 
obvious that, as in the case of a spherical ball, the 
product of the Earth's circumference and its diameter 
gives its surface area. (52). (KVS) 
4. 10. 7. tffacft 41«H«'WI jtfTfij: '<HkiI^H<-<*l*fcW - 

M^ii-d <^d we^r 'msr'fcr 

d^4d^ $<M<IW ^ *PT *fl*M^ 111 M 



1 The distance in latitude from Lanka to Ujjain is 24' and from 
Ujjain to the North pole is 66°. Thus 66 X 8 8/9 = 586 2/3, and 
90 x 8 8/9 - 800). 



*T£T ai^l^ l: Rl^^Td *TW: II 3 II 
(Bhaskara II, Si&., 1.1.7.1) 

The circumference of the Earth's globe is 4967 yojanas; 

, d X 360 

its diameter 1581. (Ayojana is equal to J^Tg^~ » wnere 

S<£ is the difference in the latitudes of two places on the 
same terrestrial meridian in degrees, c the circumference 
of the Earth's globe given above and d the distance 
between the two places.) (1) 

The equatorial circumference of the earth multiplied 
by cos $ and divided by R, or multiplied by 12 and 
divided by the hypotenuse of the right angled triangle 
formed by the gnomon and the equinoctial midday 
shadow thereof, (hereafter called equinoctial hypo- 
tenuse), gives the circumference of the Earth parallel 
to the equator and passing through the locality (here- 
after called the rectified circumference) * (2) . (AS) 

4. io. 8. mt^: c mfe*(&mi 

(Nilakantha, SiDar., 14 a) 

The terrestrial sphere is 1050 yojanas in diameter and 
it stands in the sky in the centre of the celestial sphere, 
as the lowest point. (14a) . (KVS) 

4. 10. 9. ^ | uO<i=K*fl t^ft ?IM mt: ^ I 

(Par., Gola. D, 3.12-14) 

Earth's circumference 

Having fixed upon two places situated exactly north 
and south, determine their latitudes and the number of 
yojana-s between them. Then apply the rule of three: 
If the distance between the two places is caused by their 
difference in latitudes, how much (will the distance be) 
for the degrees in a circle {i.e., 360°) ? The result will 
be the circumference of the Earth. (12-13) 

Or, if the difference in degrees of the two latitudes are 
the yojanas between them, how many will the yojanas be 
for 90° which is the latitude of Meru? This will give a 
quarter of the circumference of the Earth. (14). (KVS) 

1 For explanation and rationale, see SiSi\ AS, pp. 83-89. 
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4. 10. 10. HH^HI^d ^Tt'^rSnfi^pT:' I 

(Bhaskara I, LBh., 1.24) 
Circumference of the local circle of latitude 

3299 (yojanas), (the circumference) of the Earth, 
multiplied by the R sine of the colatitude (of the local 
place), and divided by the radius (i.e., 3438') is known 
as the (Earth's) circumference at the local place. (24) . 
(KSS) 

4. 11. 1. t^>: qjff I 

(RV, 8.59.2) 

Sun — Vedic views 

The One Sun is the lord of the universe. 
One Dawn, it lights up all this. (KVS) 

4. 1 1. 2. fwt 5T£nr <jfMtTpr stft i 

(TV:TS y 3.4.11) 

The Sun supports the heaven and the Earth. (KVS) 

4.11.3. ^afar ^T*Wc^H c d 

dfcWftdl ^TTpT f^PRT 1 1 

{RV, 1.164.14) 

The Sun's eye keeps revolving; 

On it depends all the worlds. (KVS) 

4.11.4. ^ ^IfdTi >atf||dW*i 

f^^^lT^ W^ft Trff wft 

3^ ^ 3fN^ ST^HT II 3 II 

faw^i wrf^rr 

t^TT POTT ^cHMp prr 

ftw+4«ll Pw^Ndl II v II 

(RV, 10. 170. 3-4) 

This light, the best of lights, supreme, all-conquering, 
winner of riches, is exalted with high laud. 

All-lighting, radiant, mighty as the Sun to see, he 
spreadeth wide unfailing victory and strength . (3) 

Beaming forth splendour with thy light, thou hast 
attained heaven 's lustrous realm. By thee were brought 
together all existing things, possesser of all Godhood, 
All-effecting God. (4) . (R.H.T. Griffith) 

4. 1 1. 5. ^ TRT <WI*M+K *£qfa M«*IH*Md ^ I 

08 F, 1.24.8) 



King Varuna (the Vedic god) has made a spacious 
pathway for the Sun to traverse. (8) . (KVS) 

Wfl *fl3fd, Hl^dHfd 

4. 11.6. q STT TTq- ^ 'KNdK-dAfd' Tftfr I <f q^T%- 
^TTW f^S^: TWRT I 3T«T Mld^dlPd JT^Fd" 
ST ?T *<*Nd fdMHfd I 

{Aitareya Br. } 14.6) 

He (the Sun) never sets or rises. When (men) think 
that he is setting, he is only turning round, after reaching 
the end of the day, and makes night here and day below. 
Then, when (men) think he is rising in the morning, he 
is only turning round after reaching the end of the night, 
and makes day here and night below. Thus, he (the 
Sun) never sets at all. (6) 

4. 11. 7. m m H^TT HI*d^d°M ^ *TS$ 

^TRTT I ^ SRfftT: II <1 II 

^ t 5RT * IhmI^ ^ftferPT +^NH I 
3<=ll*ddl$ *?#T TT fcrrfafo" ^FIT II ^ lllfiril 
? f^T S^Rf^T fdMNtd ^T^feT i|<4l<rfl ^fd" T 

^i^' sr^ftrfcpre it 3 n 

(Ghdndogyopanisad, 3.11.1-3) 

Then rising from these upward, he (the Sun) will 
neither rise nor set. He will remain alone in the middle. 
There is this verse about it. (1) 

'Never does this happen here. Never did the Sun 
set there nor did it rise. O Gods! by this my assertion 
of the truth, may I not fall from Brahman.' (2) 

Verily, for him, the Sun neither rises nor sets. He 
who thus knows this secret of the Vedas, for him, there 
is perpetual day. (3). (Swami Swahananda) 

4. 1 1 . 8. tTS sq-$TCd; ( ^rfewpR^S^d; I ^\ <TT 0^ 
*jSd<*lfccW f^T wr I 

(Ghandogyopanisad, 3.3.3.) 
d^ oSTCTTcT I d I Ric^ H PwtSSTW I d^ I ^cRT- 

f&m ^ sftW ^ I 

(Ckandogyopanisad, 3.5.3) 

Black spots in the Sun 

It flowed forth ; it settled by the side of the Sun. 
Verily, it is that appears as the black form (spot) in the 
Sun. (3.3.3.) 

It flowed forth; it settled by the side of the Sun. 
Verily this is that appears as the quivering in the middle 
of the Sun. (3.5.3,). (Swami Swahananda) 
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4. 11. 9. Nmitfl ^ft^Rft* I 

( Taitt. Samhita, 6.5.3.4) 
Southward and northward passage of the Sun 

Therefore the Sun goes south for six months and north 
for six months. (4). (KVS) 

4.12.1. R FTTf^f *T ^f^" * 

i*rt 5 inrras* fej^T^T: II ^ II 

^^"f^N i ^M #rfr#?r ii ii 

^^l*<ftmiMMI<f II 33 II 
TO*T vm<*\ : W$ TO ^f^TFT It II 

(Par., Goto. D., 2. 29-34a) 

Moon: Its position in relation to the Sun 

In the statement of the sages that the Moon is 
above the Sun, it is not the visible Moon that is 
envisaged; there a distinct Moon deity is to be pre- 
sumed. 1 (29) 

It is stated by those sage-authors of the Purana-s 
that the stars are above the planets; above them 
are the Seven Sages (the Great Bear), and above them 
the Pole. (30) 

This is so only on Meru and so the composers of the 
Purana-s were on Meru. At Meru when the Sun is at 
the (northern) extremity of the southern (hemisphere, 
i.e., on the horizon), the Moon near it, having a north- 
latitude (uttara-viksepa), is seen above the Sun. The 
above statement may perhaps be due to this (phe- 
nomenon). (31 -32a) 

(In fact) the Sun is hidden by the Moon at the end 
of the new moon when it has no latitudinal deflection 
(viksepa) ; and hence it is definite that the Moon is below 
the Sun. (32b-33a) 

If the Moon is above the Sun it would be seen 
almost full on account of the Sun's rays failing on it 
from below even on the thirteenth day of the dark fort- 
nig ht. 2 (33b-34ab). (KVS) 

1 The reference is to Upanisadic statements like the description 
of the 'Path of the Gods' (Devayana) in the Chmdogya Upamfadi 
Adityac candramasam, candramaso vidyutam. . . Brahma gamayati. K$a 
dtvayanah pari*, etc. (4. 15.5). Sankara in his Brahrmmtrabh^ya 
4. 3.4 says that distinct deities are to be presumed in cases hke these. 

2 The significance of taking the thirteenth day and not the 
fourteenth or the new moon day itself > thaton ^e days the 
Moon may not be visible due to the bright light of the Sun, and 
sometimes even be hidden by the Sun, 

4_* 



4. 12. 2. srfa^r HWifa+faRr t 3^ v&w> ti 

M r^^H I ^^<l gf¥gp# ^ ^ft^TRcf F^t: II 
ijpH*i* rnr m: ^1? ^4<ft*Kif^id 11 

(Par., Gola Z>., 2.34-37) 

Moon's brightness 

If brightness is presumed by anybody as inherent in 
the Moon, then, he will also have to state the reason 
for its increase and decrease. (34b-35a) 

At the end of the new moon (i.e., conjunction), the 
rays of the Sun fall upon the upper half of the Moon 
which is below it. The visible (lower) half (ofthe 
Moon) is therefore dark at that time (and hence not 
seen). (35b-36a) 

When the Moon is to the east of the Sun, the rays of 
the Sun fall on its western side, and therefore the Moon 
is bright there. Thus occurs the gradual increase of 
the Moon's brightness, and fullness at the end ofthe 
full moon day. From then onwards (as the Moon 
moves to the west ofthe Sun) the darkness (of its western 
side) gradually increases due to the absence ofthe Sun's 
rays. (36b-37). (KVS) 

4. 12. 3. =^tt ^HN I ^Wmr^MHM^^Rr I . . . 3nft- 

{Ait. Brahmana, 8.28) 

The Moon enters the Sun on the new moon day. , . 
The Moon is (again) born of the Sun. 1 (28). (KVS) 

4. 13. 1. *?r: ^£Hl H *l <j4'tol44 P^^": I 

im^ft Tim wPh^min crrc^r: II \ II 

(Sarnkara Varman: Sadratnamdld, 2.6) 

Planets 

The (nine) planets are : Sun, Moon, Mars, Mercury, 
Jupiter, Venus, Saturn (and the two invisible grahas) 
Rahu and Ketu. 
The Signs 

The (twelve) signs are: (1) Mesa (Aries) and others 
(viz. (2) Vrsabha or Taurus, (3) Mithuna or Gemini, 
(4) Karka or Karkataka, Cancer, (5) Sirnha or Leo, (6) 
Kanya or Virgo, (7) Tula or Libra, (8) Vrscika or 
Scorpio, (9) Dhanus or Sagittarius, (10) Makara or 
Capricorn, (11) Kumbha or Aquarius and (12) Mina 
or Pisces). (6). (KVS) ^ 

1 Being born again refers to the reappearance of Moon in the 
evening of the day next to the new moon. 
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The (twentyseven) asterisms are Asvini and others.* 

4. 13. 2. ^ S^STWTfrT <T«f *$F=*U fewf f^T 

^u|M<*JWWJM ^Tft^TWf ftW^f ^TRft% I m\ 

*nrft, d^4d: *Ir1*l, d^4d") Ttff^TTft I tpfTpT 

fepT 3TT# f^T: <TdWT WWrfef^T^ y4^R*Jd: I 

(Suryadeva-yajvan, Com. on 1.3.) 
Relative motion of stars and planets 

Now, it is seen that all celestial bodies, inclusive of 
both stars and planets, initially rise in the east, gradually 
cross the middle of the heavens, and set in the west. 
Hence it has to be conceded that the motion of the stars 
too is westward and not towards the east. 

(No). It is explained (thus): The stars have been 
distributed on the ecliptic east-west, in such a manner 
that to the east of Asvini is Bharani, to the east of that 



1 


No. Naksatra 


Junction star 


Latitude 


Longitude 






(Trgatara) 
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/^Arietis 


+ 8° 
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19 
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Krttika, to its east Rohini and so on. These are firmly 
fixed to the ecliptic and move continuously westwards, 
due to the (westward) motion of the ecliptic as a whole. 
If the planets on the ecliptic too had their motion with 
the ecliptic as a whole, then a planet seen alongside 
Asvini will not be seen with Bharani etc. even after the 
lapse of considerable time. Actually, however, it is 
observed that planets which were earlier seen alongside 
Asvini etc. are later seen with Bharani etc. which 
are situated more and more to the east. Therefore 
it is conclusively proved that there is, for the planets, 
an independent eastward motion different from that of 
the ecliptic. When a planet completes one circle in 
its eastward motion, it would have done one revolution. 
(KVS) 

4. 13. 3. ^ TT^T «jftfH , 6TWt I ^ 

*$dRUM : 21.30) — 

xRiMiq^ii^f^ M+fJ^d ^ld*d«rr TRTT: I 

(Suryadeva-yajvan, Com. on ABh. 1.4) 

Real nature of Nodes and Apogees 

Now, only seven planets are to be seen revolving in 
the sky. And, their revolutions have already been 
enumerated. What are these (new bodies), the nodes 
and apogees, whose revolutions are being enumerated 
here ? 

(The answer) is stated thus : These (nodes and apogees) 
are (not material objects but) just some special numerical 
figures which have been conceived (by astronomers) 
as a means to compute the true motion etc. of the self- 
same planets (mentioned earlier). These do not have 
visual appearance in the sky. Thus Brahmagupta 
observes : 'The apogee has been improvised in order to 
compute the motion of planets; so also the nodes.' 
(Br.Sp.SL, 21.30). 1 (KVS) 

cTRTTT ^tfccT: 

4. 13. 4. dKi^mfti *rpftf ^RmPd # i 

(Mahabharata, Gr. edn., 3.43.30) 



1 It is well known that the node and apogee of a planet are not 
material objects like the planet itself, the former being just the point 
where the planet, in its northward course, crosses the ecliptic and 
the latter the remotest point of the planet's orbit from the Earth. 
However, these points keep on changing their positions, the said 
motion being capable of being counted in terms of revolutions during 
long periods of time. This point is well brought out here. 
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The luminous stars, though really very large, appear 
small and, twinkle like lamps on account of their great 
distance. (30). (KVS) 

o 

4.13.5. OT?TTC ft^TT TFV *T^T # ff^ : " 

(Kamalakara, Si. Tattvaviveka, Madhyamadhikara, 78) 

The Pole star is not fixed 

It is the unintelligent who accept in their works that 
the Pole star is in a fixed position. (KVS) 

4. 14. 1. tf )«IH>K WWH^pffat Fpf I 

*M"l<|Ttl4>K ^ I d^l^ ^^S^RTfiT: II V\ || 

^TTTt: 4»<*H-M l d oiHfclHWMd) *T ^t^fcT 1 1^1 1 
(Para., Gola D, 2.46-47) 

Spherical shape of the Planets 

The shape of the orbs of the Sun, etc., is said to be 
spherical by great astronomers. (46a) 

They appear to us in the shape of plane circular 
mirrors on account of their being at a (great) distance. 
If the orb of the Moon is like a plane circular mirror, 
when the Sun's rays fall on it, the phenomenon of a part 
alone being lighted cannot happen, since there is no 
obstruction. 1 (46b-47). (KVS) 

mimmM ^MNt^rr <shw*tt ii 

" (Aryabhata I, ABh, 3.15) 

Order of the Planets 

(The asterisms are the outermost). Beneath the 
asterisms lie (the planets) Saturn, Jupiter, Mars, the 
Sun, Venus, Mercury, and the Moon (one below the 
other) ; and beneath them all lies the Earth like the 
hitching peg in the midst of space. (15). (KSS) 

4. 15. 2. -cKijs sf ^fad<fa$^^i^*u<*idY ^nfr i 

d>fa"M*Mq T«TT fa«K*KI«li ^% ^TT^rFT I 
#nrf FTF*T^ f^TTpT <|^rd<|u^S^T II Vo || 

q^fir mf\ tfta ^ft iwraro^praw i 

(Varaha, PS, 13.39-41) 

Beyond the Moon, are orbiting higher and higher, 
Mercury, Venus, the Sun, Mars, Jupiter and Saturn, 
and beyond that there are fixed stars. All the planets 



1 The idea is that if light falls on a plane mirror, the whole surface 
will be lighted, ill or well, whatever be its slope. Hence phases of 
the Moon which we actually see cannot occur if its surface is plane. 



(from Mercury to Saturn) move in their own individual 
orbits at a constant speed. (39) 

Just as the spokes of the oil-press wheel are close to 
one another near the navel, and the space between one 
another increases as the rim is approached, so thfe linear 
extension of the rail increases as the orbits are situated 
higher and higher. (40) 

Situated near-most, the Moon goes round in the 
shortest time, its orbit being the shortest. But Saturn 
situated farther-most, in its longest orbit, cannot move 
so fast, i.e. moves slowest. (41). (TSK) 

4. 16. l. *mm^n ?tPt: wtt ^ife*^ i 

*Mlfd^+^5$' f5R% ftW ^H^ddl II \ II 
^rjrf^f ^jpf ^pX: 5T^FWT fq^im It 3 II 

<rms# uw\\ frorcWr *rfe ^r: sr: 1 1 v 1 1 

sm^ smft w*c% spft t 
^^^khwI : 5R^r w^m t it % it 

3{w?t ^r^ i ^td ^^Rr ^^^ i ^faH : 1 1 A3 ti 

^ spTTfT ? *f*g >41Rl*fair«lftHi cTWRf II ^ II 

fww|^#rw it 

<HM^^w|^]^|if) H«fd«*ld>H^NIH I 
TTcTK ftfiffRI^TOJ5|Trnf, ddl^lOT II <H It 
xirsiic^Hi ^HUKd: HH+OTT: ^J: I 

fakit^>ii ^fw^trdit^t'Jii firgftrnfr n ^ 11 

^l^^u^^^rM fW ^td»l^l^[ H^N^IId II 

(Nilakantha, Golasara, 2.1-15) 
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The Celestial sphere and the planets 

The Earth, a regular sphere, composed of mud etc. 
and sustaining itself by its own power and situated at the 
middle of the celestial globe supports all things around 
it. (1) 

Since all weighty things fall on the Earth from the 
sky all around, the Earth is 'down' from everywhere 
and any direction opposite to it (i.e., pointing away from 
the Earth) is 'up\ (2) 

The atmosphere extends some yojanas into the sky, 
all round the Earth. Above that, the wind known 
as Pravaha blows, causing the celestial bodies to 
revolve. (3) 

That region upon the Earth where all the stars re- 
volving in that {Pravaha) region can be seen rising one 
after another, and where the Pole stars are (exactly) on 
the two sides, is called the region of Zero latitude (i.e., 
the Equatorial region) . (4) 

The revolving vertical circle there (i.e., the Prime 
vertical at that region) is called the Ghatika-mandala 1 
(Hour circle). On both sides of that are the different 
fixed Diurnal circles of the heavenly bodies. 2 (5) 

The stellar sphere is constantly revolving westwards 
with the two Celestial Poles as the apices and is rotated 
by the Pravaha wind (completely once) in (a period 
containing) prana-s equal in number to the minutes 
of arc in a circle, (viz., 21,600), (i.e., in one sidereal 
day). 3 (6) 

This celestial globe is divided into twelve rasis; the 
central great circle, (called Apakrama-vrtta or the 
Ecliptic), is inclined to the Celestial Equator 4 so that 
one half of it lies to the north of it and the other to the 
south. (7) 

This (circle, vi z., the Ecliptic) is divided into rasis 
(segments of 30°), bhagas (degrees) and kalds (minutes) 
by circles perpendicular to it, so that, a body, wherever 
it may be seen (on the Celestial sphere) lies in one of 
the rafis, Mesa etc. 5 (8) 

The reckoning of Lagna (Rising point of the Ecliptic) 
is in relation to the central circle of the revolving celestial 



1 It is so called because time, in units like the ghatikd, are measured 
on it. The term Visuvan-mandala (Equinoctial) is also applied to this 
great circle. 

2 These are known by the name dyu-vrtta or ahoratra-vrtta, 

3 A sidereal day is equal to 60 nadikas, a nadika equal to 60 vimdikds 
and a vinddika equal to 6 pranks; hence, one day is equal to 
60 x 60 x "6 = 21,600 prams. 

* This obliquity is equal to 24°. 

fi The Ecliptic is divided into 12 ratis called Mesa etc. commencing 
from a point situated near the junction-star called Zeta Piscmm m 
the asterism of Revati. 



sphere, (viz., the Ecliptic). Hence, at the moment of 
the rising of the Lagna in a particular rasi 3 a star in a 
different rdsi, may also be rising. 6 (9) 

The planets move in their orbits with centres at 
the Higher Apses of their Epicycles of the Equation 
of the centre. For the Sun and the Moon, the 
centre of the celestial sphere is the centre of the above 
epicycles. (10) 

For the other (planets), the centres (of their Manda 
circles) are on (the circumference of) their Sighra circles 
concentric with the Ecliptic. One half of their Manda 
circles is deflected northwards from the Ascending 
Node, and the subsequent half southwards. (11) 

The Moon and other (planets) have their respective 
orbits increasing according to (the changes in their 
manda (circles). 7 And for all (planets), the increase and 
decrease of the circumference of the manda circles depend 
upon their hypotenuse. 8 (12) 

Of the planets which move, each in its own orbit, 
eastwards (in relation to the stars fixed on the celestial 
globe which, as a whole, is moving westwards), the 
motion in yojanas is equal. But their (angular) motion 
in minutes is different (for the same planet at different 
positions) as also from one another's (owing to variance 
in the hypotenuse and the magnitude of the orbits, 
respectively.) (13) 

To fix the midday for these (planets) which move 
(apparently) westwards, a fixed north-south -lying great 
circle situated equally on both sides of (mid)day and 
night is presumed. (14) 

This (circle) is the horizon at the equator, and is 
called Unmandala elsewhere. In regions other than the 
equator, the Samamanddala (which coincides with the 
Hour circle at the equator), too, varies from place to 
place, (i.e., in different terrestrial longitudes). (15). 
(KVS) 

4. 17. 1. fcW^ gft 'HM^Wi W% TTSq^TFT I 

3r£ : *T iTcr *pct ^TRi% tfWRT faSsg Hi*^m: I 

%cP|y^M<Hd Tp^T: X\^H<$ WTT ^ I Roll 

« This may happen in the case of stars which are removed from 
the Ecliptic. 

? That is tiie hypotenuse got in the Ma«d!ct-operation is the radius 
of the orbit on which the planet is measured after this operation. 
This is a peculiarity of the school of Aryabhata. 

*This is another peculiarity of the Aryabhatan school. The 
mutual dependence is resolved by resorting to what is called 
aviiesakriya or successive approximation. 
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a rasJMP^ i d^iMi Mi^M i gc^nft i 

^cTT *T^T fe3"*Tfa^i<rciql f^TT: II 

3WjrT: *fid+<l ^4<PH WSTW I 

^W^^^rT ^ l RirHr^d l cRR^TFT II R% II 

feHN< *T ^4 Pi fill IR^H 

(Par., Oto.ZX, 2.18-28) 



The true eastward motion of planets 

The Sun on the Celestial equator at Lanka moves in 
the heavens westwards along the Prime vertical, and 
so also at all places on zero latitude. The same 
(Equinoctial) Sun moves around along the horizon at 
Meru. At other places it moves between the zenith 
and the horizon according to the latitude (of the place). 
(18-19) 

The stars are stationary. Below them are, in order, 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury and 
the Moon, all moving eastwards by their individual 
motion, and westwards with reference to (places on zero 
latitude, like) Lanka, due to the rotation of the entire 
Starry sphere, in the same manner as insects on a potter's 
wheel moving in a direction opposite (to that of the 
wheel). (20-21) 

The (distance in) yqjanas covered per day by all 
planets, whether high or low, {i.e., distant or near) 
in their easterly motion is the same. But their motion 
in terms of minutes of arc is diverse. (22) 

The orbit of a planet which is low down is small and 
that of one high up is great. The number of minutes, 
degrees and signs is the same in both small and big 
circles. Moving along a smaller circle, a planet 
completes its circle in a shorter time, and moving along 
a bigger circle (completes it only) in a longer period. 



Hence the number of minutes covered in a day varies 
(from one planet to another). (23-24) 

{Objection). All the planets are seen moving only 
westwards. This being the case, by what reasoning is 
their easterly motion presumed ? (25) 

{Answer). The Moon (seen) in conjunction with the 
As'vini constellation, is seen the next day in (conjunction 
with) Bharani. 1 Mars and other planets also behave 
in the same way. Their easterly motion is determined 
from this. (26) 

{Objection). The Moon is slow; Saturn moves fast; 
and the stars are faster still. All move westwards. 
(If we suppose thus, then also will they behave as 
stated in verse 26) : So argue some. (27) 

{Answer). We assert, however, that this (explanation), 
too, is wrong, because a retrograde planet in Krttikd 2 is 
seen a few days later in Bharani which is to its west, and 
not in an easterly position. (28). (KVS) 
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^fMkdP<d W j»<*«H m<AH\mH II ^ II 

TTsq^snw irswrr *i-«toRr sift ic^rr 1 

w& nic^H<i*Hi PKHisfi 4 i^Pd srNfa I 
m^n ^iH^^i^ 4 iPcK# fR"^ sfteT it ^ n 

^fefts^srfecfr h K-d Ph cfrscq^r^ t mRr II Hit 
(Lalla, SiDhVf., 19. 35-39) 

Planetary Motion 

Whatever is obtained by subtracting the Earth's 
radius from the radius of the orbit of a planet, is the 
portion visible (to man). And whatever is obtained 
by the semi-diameter of a planet's orbit increased by the 
semi-diameter of the Earth, remains hidden from the 
Earth. (35) 

The (mean) orbit of each planet multiplied by its 
mean motion and divided by its true motion, gives the 
corrected measure of the orbit. 

Or, the (mean) orbit multiplied by the manda 
hypotenuse in minutes of the planet, and divided by. the 
radius, gives the corrected result. (36) 

1 The A&vini constellation is called Dasra because it is presided 
over by the JJvins, also called Dasrau. Bharani is called Tama 
because its presiding deity is Yama, the God of death. 
2 The God Anala (Fire) is the presiding deity otKfttika. 
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A planet moves along its mean circular orbit at the 
rate of its mean motion. When it is above (its mean 
orbit), it moves at a slower rate, and when below, at a 
higher rate. (37) 

A planet naturally moves to the east, but, when 
retrograde, to the west. It is drawn towards north or 
south by its declination. Thus the motion of a planet 
is of six kinds. (38) 

Whatever nadis are obtained from the division of the 
product of the Earth's semidiameter and 60, by the 
true circumference of a planet's orbit, give the hori- 
zontal parallax of the planet (in terms of nadis) . If the 
planet has theoretically risen so many nadis before, it has 
not risen actually; and if theoretically it is to set so 
many nadis afterwards, it actually appears to set even 
now. (39). (BG) 

4. 17. 3. m*\"W % ^cfir I 

wf?r ^mrftrw t^nfuwiTTMift mil 
ftwrfir^RTr: ftps; ^ttot^ ctw fwrftr: II 

SIWpfTf^ra JM^dlS^lcTT H II % II 

m 3 fe|fd«frim«fi fcrwTO" ^t^: star: t 

oM^ l O ^H^M FTK ^T^TWTS^ II To || 

d^i^iW ^ft# fa *i <* q fd* I Rrer for iiiin 

qiW fefirsf fayK*=ifd+ld few I 

fcH<*4> 3 fa^ffaT f^nfSRTT cRSTO 3 ll^ll 

iRTrfyfd^M W^f TO^ II ^ II 
(Para., GWW>, 2.1-13) 



Diurnal motion of planets 

The Sun is constantly moving eastwards along the 
Ecliptic; still, on account of the more rapid (westward) 
rotation of the (Starry) sphere (of which it also forms 
a part), it (appears) to move westwards. (1) 

The Starry sphere, impelled by the Pravaha wind, 
keeps on rotating westwards round the Earth in the 
pradaksina (clockwise) direction once in 60 ghatikds. (2) 

Above the surface of the Earth, at a height equal to 
12 yojanas, the Pravaha wind blows with a constant 
westward motion. Below it (i.e., up to a height of 12 
yojanas) is the terrestrial wind; (the direction of) its 
motion is diverse. (3) 

By ghatikd (or nddikd) is meant the time required for 
the rotation (of the Celestial Equator) through its one- 
sixtieth part, and not one-sixtieth of the duration of a 
(sdvana) day, 1 for the day is (a little) longer 2 than the 
time of rotation of the (Starry) sphere. 3 (4) 

The horizon is the horizontal circle around the Earth. 
Planets become visible when they rise above it. Planets 
below it are not seen, being hidden by the body of the 
Earth. (5) 

So is it said in the ancient texts. (6a) 

(However,) only those planets which rise above (the 
level of) the Earth's surface (viz., the visual or sensible 
horizon) are seen by us; and those below (the level of) 
the Earth's surface are not visible. 4 (6a-b) 

Since the Sun is on the Ecliptic (which is inclined 
to the Celestial Equator), it rises (a little) to the north 
or south (of the central point, viz., due east) according 
to its position; it also sets accordingly. 5 The Moon and 
other (planets) move further north or south than the 
Ecliptic due to their Celestial latitude {viksepa). (7-8a) 

In places having (north) latitude (i.e., north of the 
terrestrial equator), the planets reach the centre of the 
heavens {viz,, the Celestial Meridian) at a more 
southerly position than at their rising. 6 (8b) 



1 The sdvana day is from sunrise to sunrise. 

2 The difference between a sdvana day and a ndksatra day is about 
10 mnddikd-s or 4 minutes. 

3 That is called the Sidereal (or ndksatra) day. 

4 The difference in the position of planets viewed from the surface 
of the Earth and from the centre of the Earth is termed lambana or 
parallax. 

8 The angle subtended by the east or west point and the point of 
rising or setting, respectively, is callled the amplitude. 

6 This is generally known as 'Southing*. For places south of the 
equator, however, the deflection will be to the north. This phe- 
nomenon for the southern hemisphere is not envisaged by Indian 
astronomers and hence 'Northing' is not separately described here. 
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The Sun on the eastern Unmandala reaches the western 
Unmandala in 30 nddikds, and from there in an equal 
length of time, it reaches the eastern {Unmandala). .(9) 

Here by ghaiikd (nddikd) is meant one-sixtieth of the 
(sdvana) day. This will be its connotation elsewhere 
except in the case of the rotation of the Starry 
sphere. (10) 

Rising and setting take place on the horizon. In the 
northern (hemisphere) the horizon is below the Un- 
mandala. Hence (when the Sun is) in the northern 
hemisphere the day will be more than 30 ghatikas. 
In the southern (hemisphere) the horizon is above the 
Unmandala', and so, here, the day is less than 30 ghatikas. 
At all places, as the day increases, night becomes 
shorter, and as it shortens, the night grows longer. (11-12) 

At places of zero-latitude (i.e., on the equator), the 
day is (always) 30 ghatikas, and so also the night, since 
there the Unmandala itself is the horizon (13). (KVS) 

4. 18. 1. ^^RTir^nf^ <iT>ttr^M«iaVt||M | 

(Nilakantha, Si.Dar., 19-21) 

Epicycles of the eq. of the centre and conj. 

(The centres of) the circles along which (the mean 
motion of) the planets take place, move on (the cir- 
cumference of) the epicycle of the equation of the centre 
(i.e. manda epicycles) with the velocity of the Higher 
apses. (19 a-b) 

In the case of the Sun and the Moon it (i.e., the manda 
epicycle) has its centre at the centre of the Earth- 
sphere. (19 c-d) 

For the other (five planets) the centre (of the manda 
or 'slow' epicycle) moves on (the circumference of) the 
epicycle of the equation of conjunction, (i.e., the Hghra 
or 'fast' epicycle) with the mean velocity of the Sun. 
(20 a-b) 

The centre of their sighra epicycle is the centre of the 
(celestial) globe itself and (the planes of) these (epi- 
cycles) are not oblique to (that of) the ecliptic; (i.e., 
they are in the same plane as the ecliptic.) 1 (20 c-d) 

1 The idea is that the 'fast' {sighra) epicycles are concentric with 
the ecliptic and lie in its plane and that the celestial latitude {vikfepa) 
of the planets is caused by the deflection of the 'slow' (manda) 
epicycles which move on the circumference of the 'fast' (tighra) ones. 
The maximum deflection of each planet is given in verses 8c-9a. 



In the case of Mercury and Venus, their own orbits 
are stated to be the same as their sighra epicycles, 
measuring them with respect to their sighra epicycles 
(which are taken as 360 degrees). 

In the case of these, the increase and decrease of the 
manda epicycles alone are according to the hypotenuse 
(extended from the centre of the manda epicycle to its 
circumference where the planet is). (21). (KVS) 

4. 19. 1. ?lM»f)<H44 ^ srfa^WH I 

<T ^|Uh~(HN 1*9*5 df^NRd^d <^ I 
dWWlilW< d^wJM<ftPki II ^3 II 

«» ^ 

^:+1fd^4Wfa: ^JRTf^5#sr: ll ll 

+1fi*d$f*$fd: *nf: TOTmgn^ ti^M^ 11 ^ II 

(Nilakantha, Si. Dar., 22-26) 

Projection of planetary motion on Eccentric and 
Orbital Circles 

In all cases, the circle on which the velocity of a planet 
is measured (from fundamentals) is termed the 'eccentric 
circle 5 (pratimandala) . And, that circle on which the 
motion of the planet is to be (projected and) understood 
(i.e. measured) is termed the 'orbital circle 5 {kaksyd- 
mandala). (22) 

When they are one outside the other, (the outer) one 
is called the 'upper' {ucca) (circle) and (the inner) one 
'lower' {ntca) (circle). (23 a-b) 

Here, the two circles of radii equal to the difference 
between the centres of the orbital and eccentric circles 
are drawn at the extremities of the line joining the two 
centres; these two will then be the ucca (upper) and ntca 
(lower) circles. (23 c-d) 

The motions of the planets and the Higher apses are 
to be taken here in opposite directions. (24 a-b) 

When the eccentric circle (jndtabhoga-vrtta) is oblique 
in relation to the orbital circle (jneyabhoga-vrtta), their 
cosines (koti) are to be taken as their radii. And the 
difference or sum, (as the case may be), of the sines of 
the two circles is to be taken as the latitude of the 
eccentric circle. (24c-25b) 
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Definition of bhuja etc. 

The sum of the squares of the sine {doft-bhuja) and 
cosine (koti-bhuja) is a square with the hypotenuse as a 
side. (25-c-d) 

The sine is the (perpendicular) distance from the 
planet to the line joining the upper (ucca) and lower 
(nica) points through the centre of the orbital circle. 
The cosine is the height of the perpendicular to the 
planet (from the centre of the orbital circle). And the 
hypotenuse is the distance from the centre of the orbital 
circle to the planet. (26). (KVS) 

4. 19. 2. 5> frM I MRH^<rHII ^wf% ^[r: OTRW I 

^rnrfeft twj^kk ii h ii 

(Aryabhata I, ABh., 3. 17-21) 

(The mean planets move on their orbits and the true 
planets on their eccentric circles). All the planets, 
whether moving on their orbits (kaksya-mandala) or on 
the eccentric circles (prati-mandala) , move with their own 
(mean), motion, anticlockwise from their apogees and 
clockwise from their sighroccas. (17) 

The eccentric circle of each of these planets is equal 
to its own orbit, but the centre of the eccentric circle lies 
at a distance from the centre of the solid Earth. (18) 

The distance between the centre of the Earth and the 
centre of the eccentric circle is (equal to) the semi- 
diameter of the epicycle (of the planet). (19a) 

All the planets undoubtedly move with mean motion 
on the circumference of the epicycles. (19b) 

A planet when faster than its ucca, moves clockwise 
on the circumference of its epicycle, and when slower 
than its ucca, moves anticlockwise on its epicycle. (20) 

The epicycles move anticlockwise from the apogees 
and clockwise from the sighroccas. The mean planet 
lies at the centre of its epicycle, which is situated on the 
(planet's) orbit. 1 (21). (KSS) 



4. 19. 3. 



1 For an analytical elucidation and Hgurative representation of 
the epicyclic and eccentric theories of Indian astronomy, see Bose, 
Sen Subbarayappa, A Concise History of Science in India, pp. Ill-lb; 
SiDhi V T .:BC, pp. 311-24. 



cr; sk^khw cT^Wf Trsq^r: ii n 
^TTT^rrg; *^Tfa w fe^w ^sHyi^ fw$s 1 1 * 1 1 

^W^nTFfr cfTl^ 4I^H*i, M 5. II 

| 7\in f tre|4r ^cqf: sp^T^rr^wt 1 1 <\ ° 1 1 

^STFfW Tsq-: ^i-sqri FTM: tl <H II 

S^T qwfif ^*TRT WIHIld: ^TT^R: II H 

3TteTfc*r£ ^rSTC^T dt^RTFcTC ^u%: II II 
^KTWl^r £(cft5£l^ft ^RH^dT ^tfe: II ^ II 
^% «H£Wil fl|5fN>^<<slW: II 1* II 

f| TP? W^TT ^rf% II H II 

(Lalla, SiDhVr., 14. 7-19) 



Diagrammatic representation 

(With any point as centre) and the given radius, 
describe a circle which is the circular orbit of the planet 
or kaksavrtta. Divide its circumference into 12 Signs 
(following the 12 Signs of the zodiac). Assume that 
the Earth is at the centre of this circle. (7) 

From the centre of the Earth draw a vertical line 
upwards equal in length to the radius of the epicycle of 
the planet or antyaphalajya or R sine of the maximum 
correction. With the extremity of this line as centre 
and the given radius (equal to that of the kaksavrtta), 
describe a circle. It is the eccentric circle or kendra- 
vrtta. (8) 

Or, (draw a vertical diameter in the circular orbit). 
With the upper end of that diameter as centre and radius 
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equal to the radius of the epicycle, describe a circle. 
This is known as the epicycle or mcoccavrtta of the planet. 
If the mean place of the planet is at the apogee or ucca 
of the circular orbit, its true place is at the apogee or 
ucca of the epicycle. (9) 

When a planet is at a distance of 6 Signs from its 
apogee, it is said to be at the perigee or nica. When a 
planet is at the apogee, it is farthest from the Earth ; 
when at the perigee, it is nearest to the Earth. This is 
so because of the (difference in length of the) 
hypotenuse in each case. (10) 

Thus, the planets appear small or large accordingly. 
In the same manner, they appear small or large, accord- 
ing as they are near the Sun or removed from it. (11) 

A planet moves in the direction of the Signs of the 
zodiac from its manda apogee or mandocca (apex of slow 
motion) and in the opposite direction from its conjunc- 
tion or sighrocca (apex of quick motion). 

The mean planet moves along the circular orbit or 
concentric and the true planet along the eccentric. ( 1 2) 

The rate of motion of the true planet in the eccentric 
is the same as that of the mean planet in the concentric. 
When the planet is at the points of intersection of these 
two circles, its mean motion is the same as its true 
motion. (13) 

When the anomaly is either 6 Signs or 12 Signs, the 
observer sees the mean planet and the true planet in the 
same straight line. Therefore, at these places the mean 
planet has no correction. (14) 

Since, (for other values of the anomaly), an observer 
sees the true planet either ahead or behind its mean 
place, the difference of these positions, that is, the correc- 
tion, should either be added to or subtracted from the 
mean place (to obtain the true planet). (15) 

When the anomaly is within 6 Signs beginning with 
Capricorn, its R cosine is above the R sine antyaphala. 
So their sum is the correct R cosine. Again, when the 
anomaly is within 6 Signs beginning with Cancer, its R 
cosine is below the R sine antyapkala. So, their 
difference is the correct R cosine. (16) 

When the anomaly is either in the first or fourth 
quadrant, the kofrphala is above the radius. So, their 
sum is the correct koti. When the anomaly is either in 
the second or third quadrant, the kofiphala is below the 
radius. So, their difference is the correct koti, (17) 

The distance between the centre of the earth and the 
true position of the planet is known as the hypotenuse 
or karna. 



The correction or phala is the (arc of the concentric 
intercepted between the point) where the hypotenuse 
cuts it and the position of the mean planet. 

The R sine of the anomaly, bdhujyd, is always the 
perpendicular distance between the place of the planet 
and the diameter passing through the apogee and 
perigee. (18-19). 1 (BC) 

4. 20. L 9lpH<mm^) ^ JsWftelft ZT-^-SHFTT: I 

(Aryabhata I, ABh. } 1.6) 

Measures of Planetary orbs, orbits etc. 

Reduce the Moon's revolutions (in a yuga) to Signs 
(raits) multiplying them by 12 {lit. using the fact that 
there are 12 Signs in a circle or revolution). Those 
Signs multiplied successively by 30, 60 and 10 yield 
degrees, minutes and yojanas, respectively. (These 
yojanas give the length of the circumference of the sky). 
The Earth rotates through (an angle of) one minute of 
arc in one respiration ( = 4 sidereal seconds). The 
circumference of the sky divided by the revolutions of a 
planet in a yuga gives (the length of) the orbit on which 
the planet moves. The orbit of the asterisms divided 
by 60 gives the orbit of Sun. 2 (6) . (KSS) 

4. 20. 2. ^T-fa #H fi^TT ^mfh 

^-^-or-^-Tftwr:, *RTWTT: II 

(Aryabhata I, ABh. } 1.7) 

" 1 For observations, see $WhV T .\ BC, II. 228-30. 

2 Thus we have: 

Orbit of the sky=5,77,53,336x 12 X 30x 60 X 10 yojanas 

= 1,24,74,72,05,76,000 yojanas 
Orbit of the asterisms=s 17, 32,60, 008 yojanas 
4 

Orbit of the Sun— 28,87,666 ^ yojanas 

Orbit of the Moon= 2, 1 6, 000 yojanas 
1,32,027 

Orbit of Mars 54,31,291 2 87 103 -^"^ 

3,73,277 

Orbit of (Sighrocca of) Mercury— 6,95,473 yojanas 

699 

Orbit of Jupiter^ 3,42,50, 133 yojanas 

2,55,221 

Orbit of (Sighrocca of) Venus= 17, 76,421 ^ ^ ^ yojanas 

5,987 

Orbit of Saturn= 8,5 1 , 14,493 36 641 yojanas 

These orbits are hypothetical and are based on the following 
two assumptions : 

(a) That all the planets have equal linear motion in their respective 
orbits. 

(b) That one minute of arc (1') of the Moon's orbit is equal to 
1 yojanas in length . 
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8000 nr 1 makes a yojana. The diameter of the Earth 
is 1050 yojanas; of the Sun and the Moon, 4410 and 315 
yojanas, (respectively) ; of Meru, 1 yojana ; of Venus, 
Jupiter, Mercury, Saturn and Mars (at the Moon's mean 
distance), one-fifth, one-tenth, one-fifteenth, one-twenti- 
eth, and one-twentyfifth, (respectively), of the Moon's 
diameter. The years (used in this work) are solar 
years. (7). (KSS) 

4. 20. 3. £lf^lcM^fafc3T m\ ^WjTit: I 

grWlgnfoq frrnt s^mrf^rr^f fe: 1 1 1 1 

(Bhaskara I, MBk., 6.56) 

Having (first) divided 32 by 5, divide the same number 
(i.e., 32) again and again by the same (5) as increased 
by itself in succession (i.e., by 10, 15, 20 and 25) : the 
results thus obtained are known as the minutes of the 
diameters of Venus, Jupiter, Mercury, Saturn, and 
Mars, respectively. (56). (KSS) 

4. 21. i. FjuWt:, srftr?ft *r?<fr ^ vrzsm i 

(Para, Gola D, 2. 41-43) 

Theory of Eclipses 

(Really) the Moon is the hiding object of the Sun, 
and (the hiding object) of the Moon is the huge shadow 
of the Earth. This shadow of the Earth will (always) 
be at the seventh Sign from the Sun, moving with a 
velocity equal to the Sun's. (41) 

In the case of the Moon, since the eclipsed object 
(viz., the Moon) is faster, the beginning of the eclipse 
is at the east, and the end at the west. In the csae of 
the Sun's (eclipse), due to the slower motion of the 
eclipsed body {viz., the Sun), these two, (the beginning 
and the end) , are the other way. (42) 

The orb hiding the Sun, (pi*., the projection of the 
Moon) , is small and hence sharp horns are formed. The 
orb hiding the Moon, (viz., the Earth's shadow), is 
big and hence it is blunt-homed. (43) . (KVS) 

4. 22. i. ^kuJhW ™ mrs *r*ffaT#n I 



1 jVr is a unit of length whose measure is equal to the height 
man, assumed to be 96 angulas, or 4 cubits. 



<fa^Tsr ^TT: TWr^fef Tf% cT*rT STTT: I 

(Aryabhata I, ABh., 4J5-17) 

Sphere of the asterisms 

One half of the Bhagola as diminished by the Earth's 
semi-diameter is visible from a level place (free from any 
obstructions). The other one -half as increased by the 
Earth's semi-diameter remains hidden by the Earth. (15) 

The gods living in the north at the Meru mountain 
(i.e., at the north pole) see one half of the Bhagola as 
revolving from left to right (or clockwise); the demons 
living in the south at the Badavamukha (i.e., at the 
south pole), on the other hand, see the other half as 
revolving from right to left (or anticlockwise). (16) 

The gods see the Sun, after it has risen, for half a solar 
year; so is done by the demons too. The manes living 
on (the other side of) the Moon see the Sun for half a 
lunar month ; the men here see it for half a civil day. 
(17). (KSS) 

4. 23. 1. *TJ^PT*r ^PJffrTt % I 

^^IWlfT mihh *W f^lIW^ II R<\ II 
(Aryabhata I, ABh., 4.18-21) 

Sphere of the Sky, Celestial Sphere 

The vertical circle which passes through the east and 
west points is the Prime vertical, and the vertical circle 
passing through the north and south points is the 
meridian. The circle which goes by the side of the 
above circles (like a girdle) and on which the stars rise 
and set, is the h orizon .(18) 

The circle which passes through the east and west 
points and meets (the meridian above the north point 
and below the south point) at distances equal to the 
latitude (of the place) from the horizon is the equatorial 
horizon (or six o'clock) circle on which the decrease 
and increase of the day and night are measured. (19) 



39 



4. VIEWS AND CONCEPTS 



4. 27. 1 



The east-west line, the nadir-zenith line, and the 
north -south line intersect where the observer is. (20) 

The great circle which is vertical in relation to the 
observer and passes through the planet is the drnmandala 
(i.e., the vertical circle through the planet). The 
vertical circle which passes through that point of the 
ecliptic which is three Signs behind the rising point of 
the ecliptic is the drkksepavrtta. (21). (KSS) 

4. 24. 1. iftrc: ^wpW^#TWM I 

dVti^tffHM ^Nra SfSTWiN" II 1 It 
dK l il^Mld l ^R^f^TWT^S^ I 
3T^F^ *PWnJ ^RT% f| crf^FT ferfa^Frr IRII 

j'^^+^iiH"! sfrfefh^HifM ^sr^^ it 3 ii 

(Aryabhata I, ABh., 4. 1-3) 

Ecliptic 

One half of the ecliptic, running from the beginning 
of the sign Aries to the end of the sign Virgo, lies obli- 
quely inclined (to the equator) northwards. The 
remaining half (of the ecliptic) running from the be- 
ginning of the sign Libra to the end of the sign Pisces, 
lies (equally inclined to the equator) southwards. (1) 

The Nodes of the star-planets (Mars, Mercury, 
Jupiter, Venus and Saturn) and of the Moon incessantly 
move on the ecliptic. So also does the Sun. From the 
Sun, at a distance of half a circle, moves thereon the 
Shadow of the Earth. (2) 

The Moon moves to the north and to the south of 
the ecliptic (respectively) from its (ascending and 
descending) Nodes. So also do the planets Mars, 
Jupiter and Saturn. Similar is also the motion of the 
Ughroccas of Mercury and Venus. (3). (KSS) 

4. 24. 2. ^fr^sE^rfrar c||^rM^ W: I 

wm^ ^f%^Nt: tfWdUl^wl: II ^ II 

(Nilakantha, SiDar., 16) 

The two halves of the central circle of the celestial 
globe (i.e. the ecliptic) move away, respectively, to- 
wards the north and the south from the central (circle) 
of the Vdyugola (viz. the Visuvan-mandala or celestial 
equator) by 24 degrees . (16). (KVS) 

4. 25. 1. kfrrfH <mi& M I I 

4)4l*fcm*d"l^<d ffrfTT d^TT^T II V* II 



(Para., GolaD., 2.14-17) 

Sun's Amplitude, etc. 

Sine Amplitude (arkdgrd) is the distance in the shape 
of the sine of the point from where the Sun touches the 
horizon (i.e., points of rising and setting) to the east- 
west line. 1 (14a) 

The Astodayarsutra, or the line of rising and setting, 
is the east-west line joining the two points (of rising and 
setting, respectively) . ( 1 4b) 

Sine Declination (Krdntijyd) is the sine of the (angular) 
distance between the point where the Sun touches the 
Unmandala and the east or west point (Svastika). Let 
this be the thuja (altitude). Let the radius of -the 
diurnal circle on which the Sun is, viz. s cos. declination 
(dyu-dala) be the ko\i (base) ; the radius of the sphere will 
(then) be the hypotenuse (karna) of the right-angled 
triangle. (15- 16a) 

The circle along which the position of the Sun moves 
is called the Diurnal circle (dyuvrtta) . ( 1 6b) 

The sine of the (arc of the) diurnal circle between the 
horizon and the Unmandala is called Ksitijyd. Let it be 
the bhujd. Let sine declination be the koji here. Then 
sine amplitude will be hypotenuse; these three make a 
(right-angled) triangle. (17). (KVS) 

4. 26. 1. qfepft ?TTfr M^tU^fd ^Tf: 11 n M 

(Nilakantha, Si.Dar., 15b) 

Orbit of the stars 

(The Pravaha wind) is driving the stars in a westerly 
direction (on an orbit equal to) sixty times that of the 
Sun. (15). (KVS) 

4.27.1. '3«|fi!<=KIH ^iRjIdM^dl^dlPi 

^ ^^dH«T *W<rllPd I 

ft: H^dlfd *HPt: flfMT 

^3TT W^T ±fl*MHM<*t>d-MI II ^ It 

(Bhasbara I, M.Bh., 7.35) 

1 This angle of amplitude is subtended at the centre of the Earth 
(or the Earth's surface, which makes little difference) by the point 
of rising or setting and the east or west point respectively. At the 
equator, it is equal to the declination and at other places it is a 
function of the declination and the latitude of the place; 
sin amplitude=sin decl. sec. lat. 
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Circle of the sky and the orbits of planets 

Multiply the revolutions of the Moon (in a yuga) by 
32,40,000 and then discard the zero at the unit's place ; 
(this is the length of the circle of the sky in terms of 
yojanas) . 

(Severally) divide that by the revolutions of the 
planets (in a yuga) ; thus are obtained the lengths of the 
orbits of the respective planets in terms of yojanas. 
(35) . x (KSS) 

4. 28. l. Mtib^ ^H^d^^^ j ^^ ^Hfa r^ 

^ftfowrc^f^t <=kHt1 war: ^srftwf sffcrt: i 

(Bhaskara II, SiSi, 2.2.67) 

Circumference of the sky 

Astronomers state that the circumference of the 
sky is 18,71,20,69,20 multiplied by one crore (i.e. 
18,71,20,69,20,00,00,000) yojanas. (67). (KVS) 

4. 29. l. sr ?fr ^fWuwMi w[ ^rrftrtcf ^ w i 

(ilF 19.9.8-10) 



Meteors and Comets 

Weal for the quaking Earth, and weal for the meteor- 
smitten. Weal for us be the planets belonging to 
the Moon and weal the Sun with Rahu. Weal 
for us the deadly comet, weal the Rudras of keen 
brightness. (8-10) 

4. 29. 2. Sftrrrt fcvmiW PT ftwtSW I 

srftsr T*|tqfefaM| ctyfa i: pwr: II || 

{Harivamia Purdna, Gr. Edn., 106.46) 

Comets, Meteors etc. 

A comet stood forth towards the south ; strong winds 
blew for long and incessantly. (46) . (KVS) 

4. 29. 3. Ssbm^RTR*^ ?T ^rfwf^fsr^TTFT ?TT^T I 

f<°*\ i<-d Rst^Ih i ft srr: ft: ^cRt ^rhici ii 

(Varaha, Br \Sam. , 11.2) 

It is not possible to determine by calculation the rising 
or setting of the comets, since there are three categories 
of comets, viz. Celestial, Atmospheric and Terrestrial. 1 
(2). (M.R. Bhat) 



1 It may be noted that one yojana according to the Midnight 
System is two-thirds of ayojana according to the Sunrise system. 



1 In ch. 11 of his Brhatsamkitd, Varahamihira takes note and gives 
the characteristics of one thousand comets, the burden being 
primarily to indicate the good and evil effects of their appearance. 



5. ^ingi^H - ERRONEOUS NOTIONS 



5. 1. 1. S ^H^^Rd ^I^WidHlR^H I 

(Lalla, SiDhVr., 20. 1-2) 

Need for removing erroneous notions 

Different situations have been ascribed (by different 
people) on matters relating to the universe. When one 
listens to the different statements made by opposing 
schools, doubts, as it were, will assail one's mind. (1) 

For this reason, I shall first enumerate the irrational 
views; and then I shall put forward the truths together 
with proofs. That will make things clear and thus 
steady the mind. (2) . (BG) 

5.2.1. a^<J*K4kK tf^^T^T: I 

flprf ^R i rd^^tflj^ Tip** n 3 n 

^ f dc(m p^MU^»j f^r£; q^Tcf f^f II * II 

fa ^m^iftrfts faf fecrrei ^ prefer ^refnr n * u 
srftcTT^ ^mt <<Wimhw i 

3^ ^4V»HlMI ' ^TFWT^ ^TTT^T II % II 

-W ^A HV TO^ T^WTS ^Tft" II ^ II 
(Lalla, &* Dk Fr., 20. 3-7) 

The several erroneous notions 

Some opine that the day of the demons (at the South 
pole) starts when the Sun goes (from the northern to) 
L southern solstice ; and, that of the gods (at the North 
pole) starts, when the Sun goes from there towards the 
northern solstice. 

Again, others say that the solar eclipse and the lunar 
eclipse are caused by Rahu. (3) 

Some say that the Moon is above and the Sun is below. 
Some others say that the night is caused by the darkness 
due to the mountain Meru. Yet, others say that the 
disc of the Moon decreases daily because it xs being drunk 
by the gods. (4) 



Some people state that the mountain Meru has 
directions. Others think that there are two Suns and 
two Moons. Again, some say that the day of the manes 
commences with the dark half of the lunar month, and 
the night, with the bright half. (5) 

Some think that the earth is infinite; others, that it is 
plane as a mirror. Again, others say that it extends to 
many yojanas and floats on water like a boat. (6) 

Some opine that the Earth is supported by a tortoise, 
a serpent, a boar, an elephant or by mountain ranges. 
Again, others say that the Earth goes up and down ; and 
some say that it goes round and round like the wheel of a 
chariot. 1 (7). (BG) 

5,3.1. ^N^T^ cit ?ft I^Ppt ftTO^: I 

*RRf ^fir SWT T f^fft ^ tf^ U * H 

(Lalla, SiDk FV., 20. 8-9) 

Doubts on Solstice removed 

If the Sun is always visible to the gods when it is near 
the end of Gemini, then, for what reason, pray, it is not 
visible when in Gancer ? (8) 

If the Sun is visible to the gods while ascending due to 
(the increase) in the declination, why should it not be 



1 In these verses Lalla mentions some of the beliefs prevailing then 
with regard to astronomical phenomena. Most of these beliefs occur 
in the Puranas. 

The views are as follows : 

1 The day of the observers at the North pole begins when the 
Sun starts towards the summer solstitial point and that of the 
observers at the South pole begins, when it starts towards the wmter 
solstitial point. 

2. Night falls when the mountain Meru covers the Sun. 

3. Directions can be determined at Meru. 

4. The dark half of the lunar month is the day of the manes and 
the light half is their night. 

5. Rahu, a mythical demon or snake, is the cause of eclipses. 

6. The Moon's orbit is above that of the Sun. 

7. The illuminated portion of the Moon decreases because it is 
being sucked by the gods. 

8. The Earth is infinite. 

9. The Earth is plane like a mirror. 

10. The Earth is supported in various ways. 

U. The Earth moves. 

12. There are two Suns and two Moons. 



5. 4. 1 



INDIAN ASTRONOMY— A SOURCE-BOOK 



42 



visible to them while descending through the same 
declination. (9) 1 . (BC). 

5. 4. 1. V^T *T%ft SHT ^ft WTIWt ft^W ^7T: 1 

IVwdR ^feRf ^T u m1 H^ti^i fwr i 

(Lalla, ATM Fr., 20. 10-13) 
Doubts on nightfall removed 

How is it that the gods see the same Sun, even when 
the wheel of darkness (approaches the world), just as one 
sees a horse attached to a rope going round and round, 
sometimes near and sometimes at a distance. ( 1 0) 

If the night of the men in this world is caused by the 
Meru covering the Sun, tell me how the night of the 
gods, (who live on the Meru) and feed on nectar, is 
caused? (Therefore the statement) is irrational. (11) 

When the Sun goes to the southern side (of the ecliptic 
beginning with) Libra, it is always night for the dwellers 
of Meru. When it moves along the north (of the 
ecliptic, beginning with) Aries, (it is continuous night) 
for the demons.- When the Sun is hidden by a part 
of the Earth, it is night also for men. (12) 

Just as the shadow of a tree is longer when it is 
directly opposite to the Sun than at other times, so is 
the shadow of the part of the Earth (directly) opposite 
to the Sun. (That shadow causes night in the part 
which is away from the Sun). (I have thus explained 
how) the nights of the gods, demons and men come 
about. 2 (13). (BG.) 

5. 5. 1. ?T^% Tfo: WTlWrr^RWWr: I 

(Lalla, SiDhVr., 20. 14-15) 



1 These verses refute the first belief. According to this belief, 
observers at the North pole can see the Sun travelling from 
Capricorn to Cancer and not from Aries to Libra. Lalla's argu- 
ment is that if the observers at the North pole can see the Sun 
descending from Aries to Gemini, they should also see it as descend- 
ing from Cancer to Virgo when the Sun travels exactly along the 
same diurnal circles. So the current belief cannot be correct. 

2 These refute the second belief. Lalla maintains that the night 
is not caused by Meru but by the shadow of the Earth. 



Doubts on Meru cleared 

How can Meru, the dwelling place of the gods, have 
directions when the Sun rises all round it ? If the point 
where the Sun rises first is called the east point, what 
will it be called, when the Sun sets there? (14) 

The Sun is simultaneously to the north of some and 
to the south of others. It is again in front of some and 
behind others. Thus, in reality, there are no directions 
(for the Meru). (15). 1 (BC) 

5. 6. 1. «EklK*H gT tfldtfhMPwid ft^T: I 
aiRklKlIdsflr cRT: <rc ^ ^ <mf% ^ ftm S# II 
(Lalla, SiDhVr., 20.16) 

Visibility of the Moon to the manes 

The manes, living in the upper part of the Moon, 
see the Sun on their zenith on the day of the new moon. 
That being so, how is it that they do not see it from the 
middle ofthe light halfofths lunar month? 2 (16). (BC) 

5. 7. 1. *rfc Kfld^M^K^- 

w«id fevr sfsftr srcr fadWI i 

^^pttwttw II ^ II 

(Lalla, SiDhVf., 20.28) 

Assertion that the Moon is below the Sun 

If the Mooon is above the Sun, will it not always 
appear illuminated like a star ? (If the Moon were above 
the Sun) there would be no solar eclipse; there would 
not even be a lunar eclipse, as the Moon would then 
be (further) away from the extremity of the earth's 
shadow. 3 (28). (BC) 

5. 8. l. m *rm«wiid <rfwr: s*rp? 
ifwr wrmi sat 

(Lalla, SiDhVr., 20. 29) 

1 This refutes the third belief. Lalla says that no direction can 
be determined at Meru, because there the observer's horizon 
coincides with the celestial equator and hence there is no east point. 

2 This refutes the fourth belief. Lalla states that the whole of 
the light half of the lunar month cannot be the day of the manes, 
because they do not see the Sun after the eighth day. 

3 This refutes the sixth belief, Lalla says that if the Moon were 
above the Sun, it would always be illuminated like a star. Moreover, 
it could neither cause a solar eclipse nor could it be obscured by the 
Earth's shadow. 
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5. 10. 1 



Views about, the Moon corrected 

If the Moon decreases because of some curse or 
because it is being sucked by the gods, how can the 
increase and decrease (in the illuminated portion) be 
determined by calculation ? (And, moreover, if it is 
being sucked), it would appear completely dark when 
fully sucked. 1 (29). (BC) 

5. 9. l. srfjmT srft *jR4V»hi 

RhRihhh *t^t W II ^ II 
^f^n: i 

T^THIdK^dl ^ II ^ II 

TftW fen?^ ^rrm u ^ n 

(Lalla, SiDhVr*, 20.30-33) 
Doubts on the size and shape of the Earth clarified 

If the Earth is infinite (in size) or if it extends up to 
innumerable yojanas, how can the celestial sphere go 
round it once a day ? 

Morever, Avanti could not then be at a distance of 
1/16 of the circumference (of the Earth) from the meri- 
dian of Lanka. (30) 

The eclipse, the conjunction and rising (and setting) 
of planets, the cusps of the Moon and the length of the 
shadow (of the gnomon) at any time — the calculation of 
all these five (phenomena) depends upon the measure- 
ment of the Earth. (And the calculated results) agree 
with the observed results. So how can the Earth be 
(infinitely) large? (31) 

By using the grahaphala (grakagati) and the above cir- 
cumference of the Earth inyojanas, it is found by means of 
simple proportion that the circumference of the circle 
of one revolution of a planet consists of 21,600 minutes. 
Then how can the Earth be of infinite size? (32) 



1 This refutes the seventh belief. If the Moon's daily decrease 
were due to its being sucked by the gods, mathematics would be of 
no use in computing its light and dark portions. 



The Earth may appear to be of infinite size or ex- 
tending up to innumerable yojanas because of its being 
spherical. But its circumference and diameter are the 
same as given before and in no way different. 1 (33). 

5. 9. 2. SFft ^f^Rcf STRT *rfT 

srRnrTRr ^rr *trt *rft 

f^R" Vffi rf^" ^ro II 3 ^ ii 

^/Cf(t ^$<*iR*W I : II H II 

qfer: M^r M<^d 

WT ^^"HHHId ?Tf*T: I 

^rt <w\4<{ fatum ii ^ ii 

(Lalla, SiDhVr^ 20. 30-37) 

If the Earth is plane as a mirror why does not the 
water falling from the sky remain static, instead of, alas, 
flowing with a great speed in one direction ? (34) 

Mathematicians say that one hundredth of the cir- 
cumference of the Earth appears to be plane, So, that 
portion of Earth appears to be plane to an observer. (35) 

If the Earth is level, why cannot tall trees, like tala 
(date palm), alas, be seen by man, though at a very 
great distance from the observer ? (36) 

To men the sky appears to meet (the Earth) all round 
horizon. So, the Earth thus surrounded appears to be 
plane like a mirror. (37). 2 (BG) 

5. 10. 1. fePTt *T<ft ^T#- 

1 These refute the eighth belief. Lalla says that the Earth could 
not be infinitely large, because the sphere of the fixed stars could 
not go round it one in day. Moreover, the measurements of the 
Earth, as given ar~ correct because the calculated results relating 
to the various phenomena based on these measurements tally 
with the observed results. 

2 These refute the ninthe belief. Lalla maintains that the Earth 
is spherical and not a plane. But as only a small portion of it is 
visible at a time, that may be the reason for its appearing as level 
as a mirror. If it were level, the tops of high trees could be seen 
even from a great distance. 
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(Lalla, &"Z)AFr., 20. 39-41) 

Doubts on the Earth's situation cleared 

Clay is destroyed by water. So it is not possible for 
the Earth to remain in water. Again, (the statement) 
that the Earth (floats on water) like a boat, cannot be 
correct, as the Earth is itself made of clay. (39) 

Supposing that the Earth is on water, the water, like 
the sky, is also unsupported. If the heavy sphere of 
Earth can remain on water, (which is unsupported), 
why can it not remain in space? (40) 

If the Earth is supported by tortoise and other things, 
by whom are they supported in space? If these can 
remain in space (unsupported), what prevents the Earth 
from remaining thus (i.e. unsupported) ? (41). 

5.11.1. qfc^ ST*rr cFTT 

3PT JJ^ I HItK I *rf<T ^t%^t fen Tfr^PT: II 

(Lalla, SiDhVr., 20. 42-43) 

If the Earth rotates, how could birds come back to 
their nests. Moreover, arrows shot towards the sky, 
would fall towards the west. (42) 

If the Earth rotates to the east, the clouds would move 
to the west. If (it is said) that the Earth moves slowly, 
then how can it go round (the universe) in one day? 1 
(43) 



~ These refute the tenth belief that the Earth is supported by an 
external energy. Lalla says that the Eartn remains unsupported, 
suspended in space. If it were supported by something, the latter, 
in its turn, would have to be supported by something else and so on. 
Then there would be no end of supporters, and that is not possible. 

Lalla asserts neither could the Earth be moving from east to west 
nor from west to east. If it did, the birds would not be able to find 
their nests. Lalla tries to refute here Aryabhata's theory that the 
Earth rotates from west to east. 



5.11.2- srfe *r^% ?tt^1W! 

(Lalla, SiDhVf., 20. 38) 

Doubts on the Earth's motion clarified 

If the Earth goes downwards, (anything) thrown 
towards the sky will not fall on the Earth. If the Earth 
is (continually) moving upwards, why does not the 
sphere of constellation come nearer ? 1 (38) . (BG) . 

5. 12. 1. fs^fcM<jfcHI*j*i1: 

fc4*H4 tf^spn II W II 

(Lalla, SiDhVf., 20. 44) 

Views on two Suns and Moons corrected 

If there are two Suns and two Moons, which rise 
alternately, how can the circumpolar constellations 
complete their revolution in one day! 2 (44). (BG). 

5, 13. 1. xi<WJ*W*W £RT ^Tr 

f^T q^prr qT% ^Ff c(<(4MK<r^^rHH: ||<KN 



1 These refute the eleventh belief. The Bauddhas maintain 
that the Earth was falling down in space. So Lalla says that if it 
were so, how could a thing thrown up come down on the same place 
of ground. Again, if the Earth were continuously moving up, the 
constellations would be nearer every moment. 

2 This refutes the twelth belief held by the Jainas. 
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5. 13. 2 



*rfe Tfg{^ ftnrrs^nr f^rorfcr m§ i 

5T«PT <fa^*M T cRT: <slNdft<^^^ I 

(Lalla, SiDkVr., 20. 17-26) 

Eclipses : Refutation of unscientific views 

Men see a solar eclipse either at sunrise or at sunset, 
when the Moon is a little to the north. But the gods 
cannot see it then. (17) 

It is known that when a demon, an enemy of the gods, 
was drinking the nectar, his head was chopped off by 
his enemy Hari. But the head did not die. Some say 
this is Rahu. The Sun (and the Moon) are devoured 
by it. (18) 

(Some say that) Rahu is round like the discs of the 
Sun and Moon, and being dark cannot (always) be seen 
in the sky. It is seen only on the new arid full moon 
days and that too due to the boon of Brahma. (19) 

Some opine that the cause (of an eclipse) is a snake 
with head and tail. Others say it is only darkness. 
Again, some say that it is a moving demon, and others 
that there is a pair of them. And yet others say that 
it goes wherever it wishes. (20) 

If Rahu has a body or is a disc, or a head or is a 
planet in the sky, and if it is always moving, why should 
it swallow (the Moon) only at a distance of 6 Signs (from 
the Sun)? (21) 

If you are of the opinion that an artful demon is 
always the cause of eclipses by swallowing (the Sun or 
Moon), then how is it that an eclipse can be determined 
by means of calculation ? Moreover, why is there not 
an eclipse on a day other than the day of new or full 
moon? (22) 

If a lunar eclipse takes place on the western horizon 
and is caused by Rahu, then why does not the Sun's 
disc appear to be swallowed by the second Rahu of the 
same speed ? (23) 

If the opponents say that it is a snake which causes 
eclipses by means of its head and its tail, then why does 
it not cover half of the circle between the head and the 
tail. (24) 



An eclipse cannot be caused by Rahu, because the 
sides of the discs of the Sun and Moon, which are first 
to be eclipsed, are not the same ; nor are the portions 
eclipsed the same; and nor even are the durations the 
same. (25) 

In a solar eclipse, people at different parts (of 
the Earth) see different portions of the Sun eclipsed. 
Some do not see (the eclipse) at all. Knowing this, 
who can maintain that an eclipse is caused by Rahu? 1 
(26). (BG) 

5.13.2. TOfasftTTf^^WT <I^W'W l 

sw: stpwt FTFifter: MNMdlW«TT ^ II 
<l^j<H'l<i*Nd cft* u lPwiui: <Rw<lRf I 

(Par., Gola. D. 2. 38-40) 

If it is presumed that Rahu swallows the Sun or the 
Moon, how is it that the Sun or the Moon at the seventh 
Sign from it is not also swallowed by Rahu which is far 
from it? (38) 

If, however, two Rahu-s are presumed at a distance 
of 6 Signs (from one another), how is it then that in the 
case of the Moon, the first contact {sparta) is at its east 
and the last contact (moksa) at its west, while for the Sun 
it is the reverse (i.e., sparfa in the west and maty a in the 
east)? 2 (39) 

Again, if the Sun is gripped in Rahu's mouth, how 
does it appear sharp-horned, while the Moon in the 
same position appears blunt-horned? (40). (KVS) 



1 These refute the fifth belief. The Pauranika story goes that a 
demon in disguise was drinking the nectar churned by the gods from 
the milky ocean. The Sun and Moon pointed him out to Hari who 
severed his head from his body. But the head did not die. It 
remained immortal since it had drunic the nectar. Out of spite, 
this head swallows the Sun and the Moon and thus causes eclipses. 
Another belief is that of a snake causing the eclipse. 

Lalla refutes these views by pointing out that since there are 
differences with regard to the duration, obscured P ^ "* e *:'» 
between a solar and a lunar eclipse, the obscuring body m both the 
cases cannot be the same. Moreover, why should Rahu choose 
only the new andf ull moon days for eclipsing the Sun and the Moon, 
respectively. Again, if Rahu were the cause, calculation would be 
of no use in determining an eclipse. 

a The idea is that if Rahu swallows the Moon and the Sun, since 
their direction of motion is the same, viz., eastwards, Rahu should 
swallow them both in the same manner, i.e., from the east end, 
which is not actually the case. 
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6. 4j ^ H4J[- NUMERATION 



6.1.1. tf^ ^Tfr ^TT ^mf^i^fH I 

(Mahavira, Ganitasdrasangraha, 1.9, 16) 

Need of numerals for calculation 

In worldly life or Vedic matters, or even in religious 
practices, whatever be the dealings, everywhere enume- 
ration is essential. (9) 

Why say much. In the three worlds, living or 
nonliving, whatever is to be transacted, that cannot be 
done without calculation. .(16)., (KVS) 

6. 2.1. ^M l d ^TR <^H^^K fe^T I 

(Visnu Purdna, Arhs'a 6, ch, 3, Verse 4) 

Oh brahmana ! from one place to the next one, the 
places are multiples of ten . (KVS) 

6. 3. 1. I**? ^.W % *T?$r ^JfdPwd OTT SPpPT 1 
? PTTTRT ^TFT 5WT II 

(Aryabhata I, ABh. r 2.2) 

Decimal numbers 

Eka (unit's place), DasV(tens place), Sata (hundreds 
place), Sahasra (thousands place), Ayuta (ten thousands 
place), Niyuta (hundred thousands place), Prayuta 
(millions place), Koti (ten millions place), Arbuda 
(hundred millions place), and Vrnda (thousand millions 
place) are, respectively, from place to place, each ten 
times the preceding, (2) (KSS) 

6. 3. 2. ^^r^^RT^T ?ipf WcT I 
'ft^f Sl^f +l(i<^4 II X II 

w^i fn^4w h$\w. *H*$iM ^rftftr: 1 

3F^T TSif TOST ^ flW ^Fl^fftrRT: II % II 

(Sankara Varrnan: Sadratnamdld, 1. 5-6) 

Eka (1), Dasa (10), Sata (100), Sahasra (1000), Ayuta 
(10,000), Niyuta (or Lakh, 10 6 ), Prayuta (10 6 ), Koti 
(10 7 ), Arbuda (10 8 ), Vrnda (10 9 ), Kharva (10 10 ), 
Nikharva (10 11 ), Mahapadma (10 12 ), Sanku (10 13 ), 
Varidhi (10 14 ), Antya (10 15 ), Madhya (19 16 ) and 



Parardha (10 17 ) are numbers, each tenfold of the 
previous. (5-6) (KVS) 

6. 3. 3. WT 3T*T *FrT — rr^J ^ ^fl" ^, ^ ^ 

% m ^ % *Tpf ^cf ^ ft^T < fa^TT ^ 
Wet =TR^ % ^PJST^ T^T iWW Milder ^ 3T^T 

(IT- TO, 17. 2) 

O Agni, may these (sacrificial) bricks be mine own 
milch -kine: one and a ten, a ten and a hundred, a 
hundred and a thousand, a thousand and a ten thou- 
sand, a ten thousand and a hundred thousand, a 
hundred thousand and a million, a ten million, a 
hundred million, a thousand million, a ten thousand 
million, a hundred thousand million, a million million 
or billion. May these bricks be mine milch-kine in 
yonder world and in this world. 1 

6. 3. 4. tj^t n if fir^r^r firar*^ ^ *r, <T^T^i* 
3T#?r ^q^TFT 11 

(TV-VS, .18.24) 

May my one and my three, my 3 and 5, my 5 and 7, 
my 7 and 9, my 9 and 11, juy 11 and 13, my 13 and 15, 
my 15 and 17, my 17 and 19, my 19 and 21, my 21 and 
23, my 23 and 25, my 25 and 27, my 27 and 29, my 29 
and 31, and my 31 and my 33 prosper by sacrifice. 

6. 3. 5. irs^ ^ ^, ^ $r £rc9r ^ ^r, skw ^ 

(TV-VS, 18.25) 



1 Similar lists occur also elsewhere in the Veda, e.g., TV-TS 
4.4.11 ; Katkaka Sattthitd, 17.10; Maitrayariiya Sanihita, 2.18.14. 
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- May my- four and my eight, my 8 and my 12, my 12 
and my 16, my 16 and my 20, my 20 and my 24, my 24 
and my 28, my 28 and my 32, my 32 and my 36, my 36 
and my 40, my 40 and my 44 and my 44 and my 48 
prosper by sacrifice. 1 

6. 3. 6. smspt *rwr H^widl ^wr^^ni — ' ^rraW 

an?—' m yr:. ^rdMtdlTl<l ^HH l Pd<H^H^I ? ' 
^tftrar^ — ' gld+^dHi ftw HI*fM3 I W tat 

?TTW H l tfMd I TFR^TRt fdfd^^ ii*iWi I W 
If^fecf Hitfl^d I SET *WkH<4 HI*fMd I 

^T?IT HlHHd 1 TO ^WRT f^WTT HWVjd I TO 

(Lalitavistara, pp. 168-69) 

Numbers upto 10 53 

The mathematician, minister Arjuna asked Bodhisat- 
tva, "O prince, do you know the counting which goes 
beyond hundred koti (in the centesimal scale) ?" 

Bodhisattva: "I know." 

Arjuna: "How does the counting proceed beyond 
hundred koti (in the centesimal scale) ?" 

Bodhisattva: "Hundred kofis make one ayuta; 
hundred ayutas make one niyuta; hundred niyutas make 
one kankdra; hundred kankdras make one vivara; hundred 
vivaras make one aksobkya; hundred aksobhyas make one 
vivaha; hundred vivdhas make one utsafrga\ hundred 
utsangas make one bahula; hundred bahulas make one 
ndgabala; hundred ndgabalas make one titilambha ; hundred 
titilambhas make one vyavasthdnaprqjfiapti; hundred vyavas- 
thdnaprajnaptis make one hetuhila; hundred hetuhilas make 
one karahU; hundred karahUsmzke one hetvindriya; hun- 
dred hetvindriyas make one samdptalambha; hundred 



samdptalambhas make one ganandgati; hundred ganandg&tis 
make one niravady a; hundred niravadyas make one 
mudrdbala; hundred mudrdbalas make one sarvabald; 
hundred sarvabalas make one visamjndgati; hundred 
visamjndgatis make one sarvasantjna ; hundred sarvasamjnas 
make one vibhutangamd ; hundred vibhutangamas make 
one tallaksand (i.e. 10 53 ). 1 (KVS) 

6. 4. L cHrtsKlPui ^V^cHlfeTTTpT S FTRT Wt\ *T: I - 

(Aryabhata I, ABh. 1.2) 

Depiction of numbers — Acc. to £ryabhafa 

The varga letters (k to m) (should be written) in the 
varga places and the avarga letters (y to h) in the avarga 
places. (The varga letters take the numerical values, 
1, 2, 3, etc.) from k onwards; (the numerical value of the 
initial avarga letter) y is equal to n plus m (i.e., 5+25). 
In the places of the two nines of zeros (which are written 
to denote the notational places), the nine vowels should 
be written (one vowel in each pair of the varga and 
avarga places). In the varga (and avarga) places beyond 
(the places denoted by) the nine vowels too (assumed 
vowels or other symbols should be written, if necessary). 2 
(2) (KSS) 

6. 5, l. -wi^iM sjrAirR tmr: *<mM\<in: i 

fire ^M^l *T ^ fN^ft fW: ^T: 11 

(Sankara Varman : Sadratnamdld, 3.4.) 

Depiction of numbers— Katapayadi notation (i) 

n, n and the vowels (when standing alone) denote 
zero. (The consonants) beginning with ka } la, pa and^a 
denote, in order, the digits. In a conjoint consonant, 



1 On numerals mentioned in the Vedas, their variant forms and 
etymologies, see Satya Prakash, Founders of Sciences in Ancient India, 
ch. IX. 'Medhatithi — First to extend numerals to billions', pp. 



355-94. 



1 For the enumeration of large numbers, see Kaccayana's Pali 
grammar under sutras 51 and 52 where numbers up to 10 lw are 
mentioned. 

3 In the Sanskrit alphabet the 25 letters k to m have been classified 
into five vargas (classes) and are here supposed to bear the 
numerical values 1 to 25. The letters y to h are called avarga 
letters, and bear the following numerical values: 

y 30, r 40, 1 50, v 60, s 70, s 80, s 90, h 100. 

The values of the said avarga letters are taken to increase by 10; 
and increase by 1 in the avarga place means increase by 10 in the 
varga place. The odd places are called the varga places (because 
1 100 10000, etc. are perfect squares) ; and the even places are 
called 'the avarga places (because 10, 1000, etc., are non-square 
numbers). The varga letters should be written down in the varga 
places and the avarga letters in the avarga places. When a letter 
is joined with a vowel (for example, in gr the letter g is joined with 
the vowel r), the letter denotes a number and the vowel the place 
where that number is to be written down. Thus gr stands fGr the 
number g (3) written in the varga place occupied by the vowel f in 
the varga. Thus gr 30,00,000. g has been written in the varga 
place because g is a varga letter. 
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only the last consonant counts. The vowel suffixed to a 
consonant, too, is to be ignored, (the digits being written 
from right to left to form the number.) 1 (4) (KVS) 

6. 5. 2. *dWJ|*Hf<$ Fi««M<<hU*I: 1 

^ sjar wt, cptt w*:; n 

(Stray verse) 

The (ten) digits are denoted by the letters in the 
groups (often each) beginning with ka, fa, pa and_ya, the 
end letters alone being taken in the case of conjunct 



1 This system has been very popular in the southernmost part of 
India, especially in Kerala. The system was prevalent in this part 
of the country at least from the 4th cent. A.D. when the Moon- 
chronograms beginning with gir nafr sreyah were composed by a 
Kerala Vararuci who is traditionally ascribed to the said period. 
Aryabhata's commentator Suryadeva Yajvan refers to this system 
as a pre-Aryabhatan notation. Thus, while commenting on ABh. 
1.2, which sets out the notation newly introduced by Aryabhata, he 
says that the values of the consonants ka etc. is different from their 
values in the katapddi system, which was already well known 
then. Gf. vargakfaranam sahkhyapratipddane katapaditvam nafiayoi ca 
sunyatvam api prasiddham. tannirasartham kdt-grahanam. kdt-prabhrty eva 
vargdksaranam saAkhya na takdrdt pakarat ca prabhfti. kat-prabhfti sarvdm 
sankhydm pratipudayanti, na tu ftakara-mkarayob iunyatvam ity arthafr. 
(Edn., K.V. Sarma, New Delhi, 1976, p. 10). 



syllables. Ma and Ha are to be understood as zero; so 
also the vowels when standing alone. 1 (KVS) 

6. 6. 1. Wm 4>dMqi)4T ^rf wtr st^t^t: i 

(ABh. II, Mahd. 1.2) 
Depiction of numbers — Kafapayadi fii) 

The consonants starting from ka, ta, pa, ya represent 
the numerals from one {rUpa) (in succession) in the order 
of the (respective) consonants ; na and na (denote) zero. 
(The chronograms, when) separated (from each other) 
have a and ai (at their end) in the nominative (plural) 
and in the instrumental (plural, respectively) 2 . (2). 
(SRS) 



1 Alphabetic notation of the numerals 



1 


2 


3 


4 


5 


6 


7 


8 


9 





k 


kh 


g 


gh 


n 


c 


ch 


j 


jh 


n 


t 


th 




dh 


n 


t 


th 


d 


dh 


n 


p 


ph 


b 


bh 


m 








I 




y 


r 


1 


V 


s" 


s 


s 


h 





2 According to this system, the vowels, whether standing alone 
or in conjunction with consonants, have no numerical significance. 
Each component conjunct of a consonant has a numerical signi- 
ficance. The letters of the chronograms are read from left to 
right, unlike several other systems. The visarga at the end of a 
chronogam is dropped if the latter is followed by a word or a 
chronogram. 



7. ^!<&lRqH4j[ - MEASURES OF TIME ETC 



7. L 1. ^ rT^TFT 

W W WTft fa HI fa *M ^j: 1 1 

(RV, 1. 164. 11) 

Division of Time in the Veda 

Year, months and days 

The wheel (of time) formed with twelve spokes 
revolves round the heavens without wearing out. O 
Agni ! on it are 720 sons (viz. days and nights) ?■ (KVS) 

7. 1. 2. 3TW Mmw?M? y 

sftrTT: qfef xMhHKl : II (#F, 1. 164. 48) 
The fellies (or arcs) are twelve; the wheel is one; 
three- (partitioned) are the axles (or hubs); but who 
knows it? Within it are collected 360 (spokes), which 
are, as it were, movable and unmovable. 2 

7. 1. 3. w imft f^RT gKTT iMMd: I 

^iTT^rmil (i?K, 1.25.8) 

Dhrtavrata (the sage) knows the twelve months. He 
knows also the month that is created (i.e. added as 
intercalary). 

7. 1. 4. ^T, FTTfT, ^IfdQ ^TfT, 

feiw ii (rr-Fs, 22. 30) 

Oblation to (the intercalary month) Samsarpa, 
oblation to the Moon, oblation to the luminaries, 
oblation to (the intercalary month) Malimluca, oblation 
to the Sun. aa* k&A-tyifc , 

7. 1. 5. 3TWt5WWT: ^(1+1 f^f^pRf^RT I 

*rffasr: *F??Tt H^HIH II 

(Tizzf. Brahmana, 3. 10. 1) 



1 For this elucidation, see Aitareya Brdhmaria: trini ca vai Satani 
fOfftf ca samvatsarasydhdni , . . sapta ca vai iatdni virrisatii ca sarp,vatsaras- 
ydhordtrayafy.: '360 is the number of days in the year . . . 720 is the 
number of days and nights.' 

* The 12 arcs refer to the twelve months, the wheel to the year, 
the three-partitioned hubs to the four-month or cdturmdsya sections 
and the 360 spokes to the 360 days in the year. 



Names of the 13 months 

(The thirteen months are): Aruna, Arunarajas, 
Pundarlka, Visvajit, Abhijit, Ardra, Pinvamana, Anna- 
van, Rasa van, Iravan, Sarvausadha, Sambhara and 
Mahasvan. (KVS) 

7.1.6. Mfa^ ffft ^T: I 

Wt miHMi^^r: I 

^hkhi^h^^k^hm: i 

(Tat. Brahmana, 3.10.1) 

The names of the 24 half-months 

(The names of the 24 half-months are): Pavitra, 
Pavisyan, Puta, Medhya, Yasas, YaSasvan, Ayus, Amrta, 
Jiva, Jrvisyan, Sarga, Loka, Sahasvan, Sahiyan, Ojasvan, 
Sahamana, Jayan, Abhijayan, Sudravina, Dravinodas, 
Ardrapavitra, Harikes*a, Moda and Pramoda. (KVS) 

7. l. 7. srrf^r srr rr# strI^t $ ^w^m\^\ i *r f 

c^RFT < l <^*d< <lRKMlRl II <|o || 

iTRTTfc NfcUM ^rHWU^tfa I d^MIMlfd I ^ 
4j|uflld II <n II {Satapatha Brahmana, 11.1.2.10-11) 

Lunar year of 354 days 

Verily, they who perform the Full and New Moon 
sacrifices run a race. One ought to perform it during 
fifteen years. In these fifteen years, there are three 
hundred and sixty full moons and new moons. And, 
there are, in a year, three hundred and sixty nights; it 
is the nights he thus gains. (10) 

He should then sacrifice for another fifteen years. In 
these fifteen years, there are three hundred and sixty 
full moons and new moons, and there are in a year 
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three hundred and sixty days; it is the days he thus 
gains, and the year itself he thus gains. (II) 1 

7. l. 8. ttsjt^ *mre^, wp5f ?TTO^, 

^PTf ^^^N II (TV«TS 9 1.4.14) 

Months and intercalary months 

Thou (Soma) art Madhu and Madhava; thou art 
Sukra and Suci; thou art Nabha and Nabhasya; thou 
art Isa and XJrja ; thou art Saha and Sahasya ; thou art 
Tapa and Tapasya. Thou art taken with a support; 
thou art Samsarpa, to thee Arnhaspatya. (A.B. Keith) 

7.1.9. irawsr ciwfci+i^ i 

(YV-TS, 4.4.11) 

Seasons and months 

(The two months) Madhu and Madhava (constitute) 
the Vasanta season; Sukra and Suci (constitute) the 
Grisma season; Nabhas and Nabhasya (constitute) the 
Varsa season ; Isa and Urja (constitute) the Sarad season ; 
Sahas and Sahasya (constitute) the Hemanta season; 
and Tapas and Tapasya (constitute) the Si^ir a season. 
(KVS) 

7. i. io. sresr *mrr: M^<h> t^RnRK^I: i 

{Ait. Brahmana, 1.1) 

The months are twelve, and the seasons five through 
the union of winter and the cool seasons. (A.B. Keith) 

7. l. 11. wpt fa?iM 5t?tr ^rnr^ arfi^Md i 

SR^WFT >dM*<rM*lM ^T^f I 
s^ft ^TFTcT ^J?f ^TcTR; II 

^MT ^RTT f^WTT $*¥HI I 
3{N1^MI uil^MI C2 TWT ^Hd <l I 

^ i ^4hi u i i y4^i u n g^^ft yif sl^ml inn 



1 This passage adjusts the lunar year with the sidereal year. In 
the course of fifteen sidereal years, the sacrificer would gain 180 
days of 24 hours each, or 360 nights of 12 hours each, the 180 days 
of 12 hours each being regarded as nights in the Daksinayana. In 
other words, he would gain six intercalary months in 15 sidereal 
years, as each sidereal year of 366 days exceeds each lunar year of 
354 days by 12 days, and 15 sidereal years would produce 15x12 = 
180 intercalary days. 

It would seem from this passage that in this cycle oi 30 sidereal 
years, no intercalation of any sort was made so as to keep the lunar 
year in consonance with seasons. The lunar year was allowed 
to retrograde through all the seasons and begin again with the real 
season at the close of 30 sidereal years. (Satya Prakash : Founders of 
Sciences in Ancient India, p. 78) 



STC^f faciei ti't^d ^TFT taw I 

™ ^<0P^< srf^TW dMHd II \ II 

+1^1 +l*MldlW^dl + II 3 II 

(7«if. Brahmana, 3. 10. 1. 1-3) 

Names of day-times and night-times 

Samjnana, Vijnana, Prajnana, Janad, Abhijanad, 
Sankalpamana, Prakalpamana, Upakalpamana, Upa- 
klptamana, Klpta, Sreya, Vasiya, Ayat, Sambhuta, 
and Bhuta (are the names of the fifteen day-times of the 
bright fortnight) . 

Dar^a, Drsta, Darsata, VisVarupa, Sudarsana, 
Apyayamana, Pyayamana, Pyaya, Sunrta, Ira, Apurya- 
mana, Puryamana, Purayanti, Purna and PaurnamasI 
are the (names of the fifteen night-times of the bright 
fortnight). (1) 

Prastuta, Vistuta, Samstuta, Kalyana, Visvariipa, 
Sukra, Amrta, Tejasvi, Tejas, Samiddha, Aruna, 
Bhanumat, Maricimat, Abhitapat and Tapasvat (are 
the names of the fifteen day-times of the dark fortnight). 

Suta, Sunvati, Prasuta, Suyamana, Abhisuyamana, 
Piti, Prapa, Sampa, Trpti, Tarpayanti, Kanta, Kamya, 
Kamajata, Ayusmati and Kamadugha (are the names 
of the fifteen night-times of the dark fortnight). (KVS) 

7.1.12. f^: ^5: 3T*TT TTSTFT ^TFT I 

frspft 0^HM :?ft^:?ftw^:^m: II <\ II 

?m ^ms^^t ifte: mte: i 
3ttwt ^r^r ^nr^r ^rwt ^cr: i i 

TN^Tt^TPT: 9ir^T: ^fWRt ^TR": II R II 

O C\ o 

arf^^l^il^H^I^H^ snfTS: I 
, 3rnjf%W: ^T^: II ^ II 

^<^<^^l an^iv^i^^: II * II 

(T<nf . Brahmana, 3. 10. 1. 1-4) 
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7. 2. 2 



Names of muhurtas 

Citra, Ketu, Prabha, Nabhan, Sambhan, Jyotisman, 
Tejasvan, Atapan, Tapan, Abhitapan, Rocana, Roca- 
mana, Sobhana, Sobhamana and Kalyana (are the 
names of the fifteen muhurtas of the day-time of a day in 
the bright fortnight). (1) 

Data, Pradata, Ananda, Moda, Pramoda, Ave&ayan, 
Nivesayan, Sarnves*ana, Sarnianta, Santa, Abhavan, 
Prabhavan, Sambhavan, Sambhuta and Bhuta (are 
the names of the fifteen muhurtas of the day-time in a day 
in the dark fortnight) . 

Savita, Prasavita, Dipta, Dipayan, Dipyamana, 
Jvalan, Jvalita, Tapan, Vitapan, San tapan, Rocana, 
Rocamana, Sumbhu, Sumbhamana and Varna (are the 
names of the fifteen muhurtas of the night-time of a day 
in the bright fortnight). (2) 

Abhisasta, Anumanta, Ananda, Moda, Pramoda, 
Asadayan, Nisadayan, Samsadana, Sarnsanna, Sanna, 
Abhu, Vibhu, Prabhu, Sambhu and Bhuva (are the 
names of the fifteen muhurtas of the night-time of a day 
in the dark fortnight) - 1 (3-4) . (KVS) 

(Prati-muhurtas) 

Idanim, Tadauim, Etarhi, Ksipram, Ajiram, As'u, 
Nimesa, Phana, Dravan, Atidravan, Tvaran, Tvaia- 
mana, Asu, Asiyari and Java (are the names of the fifteen 
Prati-muhurtas into which each Muhurta is divided). 2 
(4) (KVS) 

7.1.13. 3Tt q^w^wwjRwiftfa srfirPru 

(Ait. Brdhmana, 32. 10) 

Tithi, the lunar day 

Tithi is that period of time during which the Moon 
sets and rises (again) . (KVS) 

7. 2. 1. fcuk^ i W^rfe^: ^j<f|UH I 
*fhtr: FT: rr^r W I 

(TV-VJ, 28) 

Yuga in the Vedanga: Five-year yuga 

Three hundred and sixtysix days form the solar year. 
In the year there are six rtus and two ayanas, (i.e. north- 
ward and southward courses of the Sun). There are 



1 The initial words of these sets of names are given elsewhere in 
the Brdhmana, where it is also indicated specifically that these are the 
muhurta names: atha yad aha citrafa ketur data pradata savita prasavita 
'bhisavitd 'numanteti. esa hy eva tat. esa hy eva te 'hno muhurtdfy. {Tait. 
Brdhmana, 3.10.9.7). 

2 That these terms denote the divisions of the muhurtas is stated 
later in the Brdhmana: atha yad aha idanim tadanxm iti. esa esa tat. esa hy 
eva muhurtdndm muhurtah. {Tait. Brahmana } 3 .10.9.9) 



12 solar months in the year. Five years make a yuga 
(lustrum). 1 (28) 

7. 2. 2. 3^tt 3i*h^ prfcrrrfrr: ^fts^: i 

HII^^Kl || || 

(TV-VJ, 29-31) 

H^HlPi ^ M^M^j:, ^TW T^TOTTt *T$^ II U II 
(TV-VJ, 39; RV-VJ, 18) 

Yuga constants 

(In a yuga of five years), the number of risings of the 
Vasava (Indra) asterism (viz. Jyestha) (and of all the 
other asterisms) is the same as the number of days (in 
the yuga plus 5 (i.e. 1 830 plus 5—1 835) . The number 
of risings of the Moon is the number of days minus 62 
(i.e. 1830—32 = 1768). The total number of each of 
the (Moon's 27) asterisms (coming round 67 times in the 
yuga) is the number of the days minus 21 (i.e. 1830 — 21 = 
1809). (29) ' 

The total of the asterisms of the Sun (which comes 
rdund five times) is 135. There is one less (i.e. 134) 
Moon's ayanas (i.e. northward and southward courses). 
There are four pddas (i.e. 4X31= 124) parvas (or pahs as 
or parvdntas, i.e. light and dark fortnights). (30) 

In a yuga there are, respectively, 61, 62 and 67 (i.e. 
60+ 1, 60+2, and 60 + 7) sdvana months, lunar (synodic)- 
months and Moon's (cycles). The sdvana month 
contains 30 days. This plus half (i.e. 30J days) make 
a solar month. The number mentioned here (viz. 30) 
is the number of solar sidereal cycles in a yuga. (31) 

The Moon comes into contact with each asterism 
60+7, (i.e. 67) times during a year. The Sun stays 
in each asterism for 13 plus 5/9 days. (39 a-c). (TSK) 



1 According to the VJ, the divisions of time are : 



5 gurvaksaras or 10 mdtrds 
124 kdsthas 
\Q\j20kaias 
2 nadikds 
30 muhurtas 
366 days or 12 solar months or 
six ftus or 2 ayanas 
5 solar years 



1 kdstha 
1 kald 
1 nddikd 
1 muhurta 

1 day (i.e. civil day) 

1 solar year 
1 yuga 
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yiK*iM : 

7. 2. 3. qiH^MMWI MV^WHlfaH: I 

q^ qo^c^ ^T?fR^W II X II 

H<lfrfrd tfl^l+f ^ *TR> *HK1«1 I 
eiM ' ^ l R HFT: cPT: ?r*rlWH II * H 

(rF-FJ 5-7; 32; 5-6) 

Yuga-beginning and Solstices 

The (Vedic astronomers) expound the knowledge of 
the time of the cycle (yuga) of five years which begins 
with the bright fortnight of (the lunar) month of Magha 
and ends with the dark fortnight of (the lunar) month 
of Pausa (or Pusya) . (5) 
(Solstices) 

When the Sun and the Moon occupy the same position 
in the zodiac together with the asterism of Vasava (i.e. 
Indra, viz. Sravistha), then is the beginning of (i) the 
yuga, (ii) the synodic month of Magha, (iii) the solar 
seasonal month of Tapas, (iv) the bright fortnight (of the 
synodic month, here Magha), and (v) the Uttara-ayana 
(Winter solstice, the northward course of the Sun and 
Moon) . (6) 

When situated at the beginning of the Sravistha 
segment, the Sun and the Moon begin to move north. 
When they reach the mid-point of the Aslesa segment, 
they begin moving south. In the case of the Sun, this 
happens always in the month of Magha and Sravana, 
respectively. (7). (TSK) 

7. 2. 4. ^q^^H I H^HmffcH l *!**! I 

(Kautalya : Arthasastra, 2.20.66) 

Thus, in two years and a half (being half of the five- 
year yuga, the two halves each) beget one intercalary 
month, the first at (the end of) summer, and the second 
at the end of the fifth year. (KVS) 

7. 3. l. q-^rrfr q^H^H i spnfa sfrwr: swr i 

(rr-Fj, 24) 

^R^id m +<HHi 5 ^ro^t ^rlwr ?rta; it 

(TV-VJ, 38; RV-VJ, 16) 
HK^^ ^T I (TV-VJ, 12b) 
^TOHt cTT: ^TT: I {TV-VJ> 30d) 

qs^mra i {rv-vj 9 39d) 



(Measures of time in the Ved&nga) 

A vessel which holds 50 palas of water is the measure 
called adhaka. From this is derived the measure called 
drona (which is four times the adhaka). This lessened 
by three kuduvas (being three-sixteenths of the adhaka) 
is the volume (of water) measured (into a clepsydra) 
for the length of time of one nadika. (24) 

(The nadika) is ten and one twentieth kolas (of time). 
Two nddikds make a muhurta. Thirty muhUrtas make a 
day, and a day is 603 kotos. (38) 

A pada ('quarter') is equal to (the number) 31. 
(12-b) 

They (four padas) together (i.e. 4X31=* 124) in 
kdsthds make one kald. (30-d) 

One kasthd is equal to (the time taken to utter) five 
(long) syllables (aksaras, each equal to two mdtrds). 
(39-d) . (TSK) 

7. 3. 2. 3r*T^nmcf5: li {RV-VJ> 9d) 

Seasons 

Four and a half asterismal segments make one rtu 
(season). 1 (9-d). (TSK) 

7. 4. L ^i^r^Tg^r: ^c^ffe^T- 

^'^ftMr ^TOT cT'^TUH^ II V9 II 

srref q?r T^r^t qpd+i siiii 
^qrfefT^^rf^f ^^P^^ih i 

M ^ «bM^ I I4*M ftni^H ii ^ II 
«4><rMW^j**l '^^Tgf ^ eft sft 

w^m*^ ^TT^nj; ii e II 

(Vatesvara, Vsi., 1.1. 7-9) 

General Time-measures 

The time taken (by a sharp needle) to pierce (a petal 
of) a lotus flower is called trufi; one hundred times that 
is called a lava; one hundred times that is a nimesa; four 



1 The period of time during which the Sun or the Moon 
traverses through 4i segments (of a total of 27segments into which 
the circle is divided) is the f tu related to the respective segments. 
In a year there are six ftus, the months Madhu and Madhava 
making up the Vasanta rtu, gukra and Suci making up the Grisma- 
rtu, Nabhas and Nabhasya making up the Var$a rtu, Isa and TJrja 
making up the garad rtu, Saha and Sahasya making up the Hemata 
rtu, and Tapas and Tapasya making up the SUira rtu. 
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and a half tiroes that is a 'long syllable 5 (i.e., time 
required for pronouncing a long syllable by a healthy 
person with a moderate flow of voice); four times that 
is a kdsthd; and one half of five times that is an asu. (7) 

Six asus make a sidereal pala; sixty />a/a.f make a 
ghatika; sixty ghatikas make a day; thirty days make a 
month; and twelve times that is a year. The divisions 
of the circle too have been defined in the same manner 
as those of time excepting those up to asu. (8) 

Solar years amounting to 432 multiplied by 10,000 
make a yuga; a period of 72 yugas is called a manu; a 
period of 14 manus is a kalpa; a couple of them is a day- 
and-night of Brahma; and a century of Brahma's own 
years is stated to be th e duration of h is life. 1 (9) . (KSS) 

7. 4. 2. *pf$TC nwTd+l NPd+l f^f ^ 

'* (Sa hka ra Va rman : Sadratnamdld, 2.1) 

Gurvahara = (Time to utter a long syllable) 

(10 gurvaksaras— 1 j&rawa or respiration) 

(6 prdnas or) 60 gurvaksaras = 1 vighatikd 

60 vighatikas = 1 ghatika 

60 ghatikas — 1 day 

30 days — 1 month 

12 months = 1 year 



1 The time-divisions : 






lotus-pricking time 




1 truti 


100 trutis' 




1 lava 


100 lavas 




1 nimesa (twinkling 






of eye) 


4£ nimesas 




1 long syllable 


4 long syllables 




1 kdsthd 


2 J Aa#/wJ 




1 asu (respiration) « 




4 seconds 


6 asus (prdnas) 




1 sidereal pala (casaka, 




vinqdi or vighatiku 


60 /»fl/<25 




1 ghapkd~%\ minutes 


60 ghapikds 




1 day 


30 days 




1 month 


12 months 




1 year 


43,20,000 years 




I yuga 


12 yugas 




1 manu 


14 manus 




1 Ao//>a 


Ikalpas 




1 day of Brahma 




(including nig *t) 


30 days of Brahma 




1 month of Brahma 


12 months of Brahma 




1 year of Brahma 


1 year of Brahma 




72x 14x2x30x 12 




yugas= 7,25,760 yugas. 


100 years of Brahma 




Life of Brahma or 



Mahakalpa 



7. 5. 1. 3TTST-^ I -^-m^^T^-^-pTcT-tW-t^rt : I 

^Ff r^<H*f|^oi|Afl ifr WR^3ERfp£rfiT; ne.ll 
(VatesVara, Vsi., 1.2.9) 

Modes of reckoning Time 

The imperishable time is measured by sidereal, lunar, 
solar, civil, Brahma, Jovian, Paternal, divine and 
demoniacal reckonings. That is how (these) nine 
varieties of time reckoning have been defined. 1 (9). 
(KSS) 

7. 5. 2, - <Pwi" l l <oAJ<*il:, TfwfenfftT sprfof JtlftWKii: 1 

(Aryabhata I, ABh., 3.5) 

The revolutions of the Sun are solar years. The 
conjunctions of the Sun and the Moon are lunar months. 
The conjunctions of the Sun and Earth are (civil) days. 
The rotations of the Earth are sidereal days. (KSS) 

7, 5. 3. cjqfcHd^j^d sfkFT 




(Stray verse) 

The year, the Sun's courses, seasons and yugas are 
determined on the basis of the so Jar year; months and 
tithis on the basis of the lunar year ; austerities, pollution, 
and medication on the basis of the sdvana year; and 
ghati (nddikd) and its divisions on the basis of the sidereal 
year. (KVS) 

7, 5. 4. T^^ffWrs^^ srfoe, 



1 Units of the nine varieties of time-reckoning 





Reckoning 


Unit used 




i. 


Sidereal 


Sidereal day 


= one star-rise to the next 


ii. 


Lunar 


lunar month 


—one new moon to the next 


iii. 


Solar 


solar year 


= period of one solar 








revolution 


iv. 


Civil 


civil day 


= one sunrise to the next 


v. 


Brahma 


day of Brahma 


= period of 2 kalpas or 2016 








yugas 


vi. 


Jovian 


Jovian year 


= period of Jupiter's motoin 








through a sign 


vii. 


Paternal 


day of manes 


= one lunar month 




(Manes) 




viii. 


Divine 


day of gods 


= one solar year 


ix. 


Demoniacal 


day of demons 


=one solar year 
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(Bhaskara II, SiSi, 1.1.1. 19-20) 

The time taken by the Sun to complete one revolution 
with respect to the stars goes by the name Sidereal solar 
year'. This will be a day for the gods and demons. 
The time that elapses between two consecutive new 
moons or conjunctions of the Moon with the Sun is 
called a Cdndra-mdsa or a lunar month or simply a 
lunation. This again is the day of the Pitrs or the 
manes. (19) 

The time that elapses between two consecutive 
Sunrises at a place is termed the Sdvana day or civil day. 
This is called Saura-Sdvana day and it is also the day of 
the Earth. 

The sidereal day is the time taken by the stars to go 
round the Earth once. (It is called Ndksatra-dina). 1 
(20). (AS) 

^ InW l«-3rfTOT-f(!f^: 

7. 5. 5. ^T^f% srfwl" *TRTT: ^WPtT^ II V* II 

(Su.Sl, 1. 34b-35) 

Lunar months etc. 

The number of lunar months is the difference between 
the number of revolutions of the Sun and of the Moon. 
If from it the number of solar months be subtracted, the 
remainder is the number of intercalary months. (34b- 
35a) .. 

Take the civil days from the lunar days; the 
remainder is the number of omitted lunar days. 
(tithiksqya) . (35b) . (Burgess) 

7. 5. 6. 5TO4fa*HlW(l«Wi: STRfemrr H*iN(d<*4l«<: I 

yid*M<^g&IMl RTfrlwrTPT Iwnwcr: I 
^rqftSST pNd'HHUHM TOW II K II 

f^dtft ftf^T: <st vi^dfa*I^H*4*lVj|: II ^ II 

aafs^ilVu+iK wft ^fir W^t 5 " ^ II ^ II 

tct: ^f^mrT *$tw$ ifir *fl«w\rt+iN n ^ II 

1 For a detailed note, see Si£i: AS, pp. 6-10. 



Hrarc*fr ft0«*<4N MRyir^MHiftniHHl i 

3IM«t<|^lWI ^lMf^ l «Wd<M II 5. II 

fkzrn <\ £ $H fd ^ tort: I 
^fy<l^lir««WI«H^ + : ^SFT: II <\° II 

fg *rfe: M R<=l c*K I m i 4^-Md <Im *J < l P^ l Id I 
^T^TT ^HpHM^faifl^HlAII #IWF II ]<\ II 

(Sripati, Jyotisaratnamdld, 1. 4-11) 

The 60 Jovian years beginning with Prabhava 



1. 


Prabhava 


31. 


Hemalamba 


2. 


Vibhava 


32. 


Vilamba 


3. 


Sukla 


33. 


Vikari 


4. 


Pramoda 


34. 


Sarvari 


5. 


Prajapati 


35. 


Plava 


6. 


Angiras 


36. 


Subhakrt 


7. 


Srimukha 


37. 


tSobhakrt 


8. 


Bhava 


38. 


Krodhi 


9. 


Yuva 


39. 


VisVavasu 


10. 


Dhata 


40. 


Parabhava 


11. 


Isana 


41. 


Plava nga 


12. 


Bahudhanya 


42. 


Kilaka 


13. 


Pramathi 


43. 


Saumya 


14. 


Vikrama 


44. 


Sadharana 


15. 


Vrsa 


45. 


Virodhakrt 


16. 


Citrabhanu 


46. 


Paridhavi 


17. 


Subhanu 


47. 


Pramadi 


18. 


Tarana 


48. 


Ananda 


19. 


Parthiva 


49. 


Raksasa 


20. 


Avyaya 


50. 


Nala 


21. 


Sarvajit 


51. 


Pihgala 


22. 


Sarvadhan 


52. 


Kalyanakrt 


23. 


Virodhi 


53. 


Siddhartha 


24. 


Vikrta 


54. 


Raudra 


25. 


Khara 


55. 


Durmati 


26. 


Nandana 


56. 


Dundubhi 


27. 


Vijaya 


57. 


Rudhirodgari 


28. 


Jaya 


58. 


Raktaksi 


29. 


Manmatha 


59. 


Krodhana 


30. 


Durmukha 


60. 


Ksayakrt 



These sixty years, as specified by great ancient sages 
according to the mean motion of Jupietr, shalJ be used 
in the serial order. (14-1 1). (KVS) 

7. 6. 1. H*<\<\ W^ft iNKl 'fafV^ft Tfafercr: I 
=h+d+lfctN ^5 <?wRsl+i: II s II 

(Varaha, PS, 2.8) 

Day-time 

When the Sun is in the 3 rdsis, Makara etc., the Sun 
measured in rdsi plus three is the duration of day-time 
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in muh&rtas. When in the 3 rdsis Mesa etc., the Sun 
plus fifteen is the duration of day-time. When in the 
6 ratis Karkataka etc. the Sun plus nine is the duration 
of the night-time. (To get the duration of the day- 
time, this should be subtracted from 30.) (8). (TSK) 

7. 7. l. ftdH i Em^r terrq- dm<wi(ii+(VH ztwz- 
^wwvwm i (YV-vs, 30.18) 

Concept of the Yugas 

To Krta the offering of Adinavadarsa is to be 
offered, to Treta the offering of Kalpin, to Dvapara the 
offering of Adhikalpin and to Askanda the offering of 
Sabhasthanu. 1 (18). (KVS) 

7. 7, 2. ^r: wml ^f^Hfd, SFTC: I 

(y&£. Brdhmana, 7.15.4) 

One who sleeps becomes Kali; one who sits becomes 
Dvapara; one who gets up becomes Treta; and who 
moves ahead becomes Krta. Therefore keep on moving, 
keep on moving. (4) . (KVS) 

7. 7. 3. f^PT *roifaHH i #<tt*tt 3u(Vm<^h i wvrm «rf^:- 

(Tail. Brdhmana, 3. 4. 16) 

A Sabhavi offering should be procured for Krta, an 
Adinavadarsa for Treta, a Bahihsada for Dvapara and 
a Sabhasthanu for Kali. ( 16) . (KVS) 

7. 7. 4. ^<l^<|U|lH^>^s{kM faWTRf I 

^ qfid*W|uf fesj ^ II <\V II 

^Tfe^WTT 'ftf^WR'WTft: II II 

^P ^ l ^^j^r^ fa?PT d^fom I 
*dl^Hi are^aflMKoiHWlT II <^ II 

^tft ^nfr wt: ^ft^i^wpr: I 

Wc^WTT^tat NfcAi^lW^^fi: II ^ II 

^TRt ^Pd^ l ^roM<pH^M# I 

dww Ff^r: rflwt ^T^R: II ^ II 

£3W*T: srf?sr: M^-K^l ^prr: it <ie II 

1 The terms Krta etc. of the Veda, are not used in the definitive 
sense of time measures, but have, during later ages, been used to 
connote large units of time called yugas (ages, aeons). 



SfRTTtS^fiTct cTFT ^k+eMM+llRH: II ^ <\ II 

*<HK<rHI^ ^m: ^ oijdldlHi^-OT: I 
^HdW ^ Tpft: ^TRt Iwft *T?T: II ^ II 

^^ir^||^4|KfHMId*i+ fcT JRHT I 

3TcT: ^tft srt^WFT wrte fn^a II ^3 II 

(Su.SL, 1. 14-23) 

Yuga concept — i 

The day and night of the gods and of the demons are 
mutually opposed to one another. Six times sixty of 
them are a year of the gods, and likewise of the demons, 
(14) 

Twelve thousand of these divine years are 
denominated a Quadruple Age (caturyuga); of. ten 
thousand times four hundred and thirty-two solar years 
is composed that Quadruple Age, with its dawn and 
twilight. The difference of the Golden and the other 
Ages, as measured by the difference in the number of 
the feet of Virtue in each, is as follows: (15-16) 

The tenth part of an Age, multiplied successively by 
four, three, two and one, gives the length of the Golden 
and the other Ages, in order: the sixth part of each 
belongs to its dawn and twilight. (17) 

One and seventy Ages are styled here a patriarchate 
{manvantara) ; at its end is said to be a twilight which has 
the number of years of a Golden Age, and which is a 
deluge. (18) 

In an aeon (kalpa) are reckoned fourteen such 
Patriarchs (manu) with their respective twilights; at the 
commencement of the aeon is a fifteenth dawn, having 
the length of a Golden Age. 

The aeon is accordingly thus composed. (19) 

The aeon, thus composed of a thousand Ages, and 
which brings about the destruction of all that exists, is 
styled a day of Brahma; his night is of the same length. 
(20) 

His extreme age is a hundred, according to this 
valuation of day and a night. The half of his life is 
past; of the remainder, this is the first aeon. (21) 

And of this aeon, six Patriarchs [manu) are past, with 
their respective twilights; and of the Patriarch Manu 
son of Vivasvant, twenty-seven Ages are past; (22) 

Of the present, the twenty-eighth, Age, this Golden 
Age is past: from this point, reckoning up the time, one 
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should compute together the whole number. 1 (23). 
(Burgess) 

7. 7. 5. ZPT ^ra^t^ft HH^iM+^kifd: I 

^m: *d^lW4l^l^<>«fH II <H II 

(Nilakantha, Si.Dar., 11-12) 

One thousandth of a kalpa is a yuga. Seventyone 
(of these yugas, constitute (the period of) a Manu, (theie 
being, thus, fourteen complete Manu periods in a 
kalpa) . Between the periods of (each) Manu and at th e 
beginning and end of the {kalpa) there are intercalary 
periods each equal to (the dmation of) a Krta age. (11) 

The Krta and other ages (viz. Treta, Dvapara and 
Kali) are, respectively, four-tenths, three-tenths, two- 
tenths and one-tenth of z. yuga. (12). (KVS) 

7.7.6. zrt cT«TT (d^<^Wdi I 

(Bhdgavata Purana, 12. 2. 24) 

Beginning of the Krta-yuga 

When the Moon, the Sun and Jupiter rise together 
in one zodiacal house and the Pusya constellation is in 
the ascendant, then it will be the advent of the Krta 
age. (24) 2 (G.L. Goswami) 

7. 7. 7. ^H'wfacwr^ wrt- 

y nfc*Hi 5^%: II II 

(Bhaskara II, SiSi, 1.1.1.15) 

Beginning of Kalpa 

The first mahayuga, the first year, the first day of the 
bright half of the first month named Madhu, all of 
them began simultaneously at the sunrise at Lanka on 
Sunday, at the beginning of the first kalpa which marked 
the beginning of creation. (15). (AS). 

yWW — R 

7. 7. 8. ^^^'TfJ'rn^ crr^,*TWTT: ^rr^ i 

(Aryabhata I, ABL, 1.5) 



1 For a detailed note, see SuSi : Burgess, pp. 9-13. 

2 This is said of the Krta age to come after the dissolution of the 
current yuga. 



Yuga concept — ii 

A day of (God) Brahma (or a kalpa or Great aeon) 
is equal to (a period of) 14 man us, and (the period of 
one) manu is equal to 72 yugas. Since Thursday, the 
beginning of the current kalpa, 6 manus, 27 yugas and 
3 quarter yugas had elapsed before the beginning of the 
current Kaliyuga (lit. before Bharata). (5). (KSS) 

7. 7. 9. ^N^wR^i: sRtuTJ ^hMK: I 
^ftswn^ft il^fl<«j41^d £t 1 1 

(Aryabhata I, ABh. 9 3.11) 

Beginning of the yuga 

The yuga, the year, the month, and the day com- 
menced simultaneously at the beginning of the light 
half cf Gaitra. Time, which is without beginning and 
end, is measured with help the of the planets and the 
asterisms on the celestial sphere. (11). (KSS) 

7. 7. 10. 'sjfa'^ M<M^«K*K« l:' mftHHI: I 

3MHfa$d UMHfl«4«W«ilfHd ^T^T II <\% II 

(Varaha, PS, 1.14-16) 

Yuga concept — iii 

Yuga of Sun and Moon — Saura and Romaka 

In the Saura Siddhdnta, a period (actually the minor 
yuga) of 1,80,000 solar years contain 66,389 intercalary 
months and 10,45,095 elided days. (14) 

The luni-solar yuga of the Romaka Siddhdnta consists 
of 2850 solar years. Tn this period there are 1050 
intercalary months and 16,547 elided days. (15) 

The solar years in the yuga multiplied by 12 gives the 
solar months in the yuga. The solar months plus the 
intercalary months are the synodic months in the yuga. 
The tithis got by multiplying the synodic months by 
30 reduced by the elided days, are the civil days, (i.e., 
days) in the yuga. The civil days plus the solar years 
are the sidereal days in the yuga (or the synodic months 
plus the solar years are the Moon's revolutions in the 
yuga). (16). (TSK) 

7,7.11. 4>eMI^Hi SPTFf g 3§3T ft: I 
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o ^ 

m iifc mtd +?^Rthh fOTrfeq*' Iwr m\: m.^ii 
igm swt *rnft 'sfr-*r-f5HT' ^r: wct i 

£.dl<*ldi' SPTFT ^T^T M 1 1 

TOW *H<M*JM 55 ^JcT: II U II 
(Putumana Somayaji, KP, 5.15; 1.6-7; 5.16-19) 

Different concepts on yuga periods 

The measures oikalpa etc. are conceived, by scholars, 
differently, for, ultimately, it is only the result that 
counts and not the means. (5.15) 

Thus, (according to the Aryabhatan school), the 
yuga revolutions multiplied by 1008 form kalpa revolu- 
tions. In a kalpa (period) there are 14 mam (periods) 
in each of which there are 72 yugas. (1.6) 

Krta, Treta, Dvapara and Kali are the (respective) 
names of one fourths of the yuga. In the current kalpa, 
1839 quarter yugas are over. 1 (1.7) 

Others (like the SQryasiddhanta, Bhaskara II etc.) 
take the number of yugas in a kalpa as 1000. Each of 
the 14 mam periods would have 71 yugas; between the 
beginning and ends of the fourteen yugas there are (in 
all, 15) contact periods, each equal to four tenths of a 
yuga. (5.16) 

Still others agree that the number of mams in a kalpa 
is only 14, each having 71 yugas, but that $ yugas have 
passed before Creation and 3 yugas will occur after 
Dissolution. (17) 

According to the above two views, the measures of the 
'Krta, (Treta, Dvapara and Kali yugas) are 4, 3, 2 and 
1 tenths part of the (Gatur-)yuga. (18) 



1 1839 quarter yugas would amount to 6 mams, 27 full yugas and 
3 quarter yugas, the quarter yuga current today being of the Kali 
yuga in the 28th manu period. 



All agree that today the current yuga is Kali, in the 
28th (catur-)yuga of the 71st manu (viz. Vaivasvata 
Manu) in the present kalpa. (19). (KVS) 

7. 7. 12. M^lil^fHll^W ^nOkiai: I 

5 *Hqt*d<*tm : ^TT 3T WlTcPT: II <| II 

fa^&pMI+^lul: +^1*3^ M R II 

at*d<|gHld<«* ilPtN^MHl^d: II 3 II 
g^TSS^t d^Hld^M il^lcMlPy+^d: I 
^^^wmf^Tf^Mt^: ll v it 

(Putumana Somayaji, KP, 5.1-4) 

Method of correcting kalpa and yuga revolutions 

(The number of) planetary revolutions (taken to 
constitute) a kalpa (according to some Siddhanta or 
text) has to be revised (periodically) so that eclipses and 
planetary conjunctions computed using those numbers 
would accord with the positions actually observed 
(through instruments, during contemporary times). (1) 

(Towards effecting the said revision), take the 
difference between the true positions of a planet as 
observed (in the sky) and as calculated using the number 
of revolutions (as accepted) and reduce the difference 
to minutes. Multiply this by the Sun's kalpa revolu- 
tions and divide by the number of years between the 
time of composition of the said Siddhanta or text (at 
which time it is to be presumed that the computation 
accorded with the then observation) and the time of the 
(current) observation. Reduce the quotient (which 
would be in full cycles) to minutes by multiplying it by 
21,600, being the number of minutes contained in a 
circle. (2-3) 

The result (which is the correction in terms of 
revolutions) is to be added to or subtracted from the 
number of kalpa revolutions (enunciated by the 
Siddhanta or text) according as the true planet deter- 
mined by computation is less or more (than the observed 
true planet). This mode of correction is not to be 
applied to revise the Sun's revolutions (since the basis 
itself of the correction is the Sun's revolutions). (4) 
(KVS) 

7. 7. 13. "safrftpnj^sfq- ^Mft^MR^iai^i ^Tferr- 

fcJ i rdP^H rdr^d^^^HH^r^^^^^^r ^d i^H^ ^ 

d^ l fa*^ , 1. 3. 2) I 
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fcl^M^ l:, dd^WkllH^ WIl^ldM^ 3iihn^ *PTP?:, 

oinwr) I (Kumarila Bhatta, Tantravdrttika and com. 
Ajit&y quoted in Nllakantha Somayaji, Jyotirmimathsa, 
p. 3) 

Fixation of revolutions by observation and 
deduction 

"Even in the science of astronomy, the computation 
of titkis and naksatras by means of the motion of the 
Sun and the Moon, which is determined through the 
number of their revolutions in a yuga, is based on the 
continuity of tradition and deduction." (Rumania 
Bhatta, Tantravarttika, 1.3.2). 

Here, the expression 'the continuity of tradition' is 
explained thus: "The correlation of the Moon etc. as 
observed in a place and as computed (using extant texts 
in the science) is done first; this information is then 
discussed with astronomical rationale with one rooted 
in the science; there is then deductions by that person 
rooted in the science ; then follows discussions and again 
instruction to another (on the basis of such deductions). 
Thus the authority of the science (along with the new 
deductions and revisions) is due to this continuity of 
tradition," (Com. Ajitd). (KVS) 

7. 8. 1. ^Hd l dHMW - T^4^^ r*f 'SRW^' 

^j^ r iiOHmT TciMftdfapH ' ^^iHfeii'- 

qw: fe%fer 'w^TM: ^TrT H 1 1 

jt-^'-^tt f^n^rr: n v n 

*rf^n^T#WTT TIwfeRTf: ^pTT: II !< II 
rrcf 3T^rt=kH *W u il<^J*d 

FT^TTTS^, OTT 
^llfd r TRT ? 5rfwrf^T Ht+iW II ^ II 

^T-#OT-giH^i«q: ^Ri^a WT£RT: I 

^TT SPT^5 ^iR^d 'ftHllfecM'ft^T TrTT: II V9 II 



'^TPff'^dRdfa^Jd : feiRiqiti vi- 

^l«-3fcd<M^fl ^ l "0^4K l d II £ II 

(Putumana Somayaji, KP 9 1. 3-7, 9) 

Yuga revolutions etc. — iryabhata school 

The number of revolutions of the planets in a (catur-) 
yuga are: 

Sun: 43,20,000; Moon:* 5, 7 7, 53, 336; Moon's apogee: 
4,88,219; Mars: 22,96,824; Mercury: 1,79,37,020; 
Jupiter: 3,64,224; Venus: 70,22,388; Saturn: 1,46,564; 
and Moon's Node : 2,32,226. The number of civil days 
are 1,57,79,17,500. (3) 

The Sun's revolutions multiplied by 12 give solar 
months. 

The difference between the revolutions of the Sun 
and the Moon gives the lunar months. The solar 
months minus lunar months are the intercalary months, 
all in the (catur-) yuga. Months multiplied by 30 give 
days. (4) 

The lunar months multiplied by 30 and the number 
of civil days subtracted from it give the 'omitted lunar 
days 5 . The number of civil days plus revolutions give 
sidereal days. (5) 

In a kalpa there are 1008 yugas of the type stated 
above. In it (i.e. the kalpa) there are 14 manus, for 
the period of each manu is equal to 72 yugas . (6) 

The four quarters of theyugaare Krta, Treta, Dvapara 
and Kali. And, in the current kalpa, 1839 quarter 
yugas have passed by. (7) 

The (elapsed) Kali year multiplied by 12, the number 
of the months (Mesa etc.) elapsed in the current year 
added to it, the result multiplied by the lunar months 
in the yuga, and the product divided by the solar months, 
the result multiplied by 30, the lunar days elapsed in the 
current lunar month added to the product, and the 
sum multiplied by the number of days in a yuga and 
divided by the lunar days in the yuga will give the 
number of elapsed Kali days in the yuga, as counted from 
Friday. 1 (9). (KVS) 

7. 8. 2. 3rfsrRTsrc>T # <fani3*41sfti*i*d t ^tot: i 
ifl filter I faiN'l ^fotiliifcafa*<!i*<i: It 

(Aryabhata I, ABh., 3.6) 

Intercalary months and omitted lunar days 

The lunar months (in a yuga) which are in excess of 
the solar months (in a yuga) are (known as) the inter- 

1 For the rationale, see KP\ PKK. 
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calary months in a yuga; and the lunar days (in nyuga) 
diminished by the civil days (in a yuga) are known as the 
omitted lunar days (in a yuga) 1 . (2) . (KSS) . 

— ^iftw-dHtuft 

7. 8. 3. ^ 1 ^4 *TFTt: *jJ*KH<H4KKi: I 

RrfWrT '*rfrprffa 4-Mfcd«Ml*i «i <i PHh:' ii ii 

(Su.SL, 1. 36-38) 

— Suryasiddhanta school 

From rising to rising of the Sun are reckoned terrestrial 
civil days. Of these there are, in an Age, one billion, 
five hundred and seventy-seven million, nine hundred 
and seventeen thousand, eight hundred and twenty- 
eight; of lunar days one billion, six hundred and three 
million, and eighty. (36-37) 

Of intercalary months, one million, five hundred and 
ninety-three thousand, three hundred and thirty-six; 
of omitted lunar days, twenty-five million, eighty-two 
thousand, two hundred and fifty-two. (38) (Burgess) 

7. 9. 1. qu^Mifofdtf^&fl; 

faw^MIM 5g frsMMfrji : M IT II 

(Lalla, SiDhVr., 1.11) 

Planetary conjunctions and Revolutions of the 
apogees 

The difference between the revolutions of two 
planets in a yuga is the number of their conjunctions 
during the same period. 

The difference between the revolutions of a planet 
and those of its apogee (mandocca) or sighrocca gives the 
number of revolutions of the mean anomaly (in the 
first case) and of the sighra anomaly in the second case 
(during the same period) . (11). (BG) 

7. 10. 1. Wl+M'-W: WFF: +<^W ift* ^tfef: I 

(Vakyakarana, extra line before 1,2) 



1 Thus, according to Aryabhata I , 
Intercalary months in a j^-5,34,33,336-5,18,40,000^15,93,336 
Omitted lunar days in ayuga= 1,60,30,00,080-1,57,79 17,500 

= 2,50,82,580 



Conversion of eras 
—Saka to Kali 

3179 added to the Saka year gives the Kali year. 
(KVS) 

7. 11. 1. W^T '^'tf^TT TOT U^di: I 

(Anon. Com. on Citrabhanu, Karandmrta, 1.1-2) 
— Saka years to Jovian years 

Add 1 1 to the Saka year and divide by 60. (Ignore 
the quotient.) The remainder will give the year in 
the Brhaspati era (Jovian years) as counted from 
Prabhava. 1 (KVS) 

7. 12. 1. 'Rf^rt^ni^rR^f : 'cRSSnr'fcfiTT: I 

(Putumana Somayaji, KP t 1.8) 

— Kollam year to Kali 

The elapsed Kolamba (i.e. Kollam or Malabar) years 
added to 3926, or the elapsed Saka years added to 3179 
give the corresponding Kali year. (8) . (KVS) 

7. 13. l. PmfH ^ *rfor trt Rtii^ ^frftrftw 
'j^pjPro'-^fer fan* srf^r Tfer fappfjww ?tPt n ^ 11 

Thakkura Phem, Ganitasara, 4. 1 7) 

— Conversion of Vikrama-samvat to Hijri 

Convert the years from the beginning of the Vikrama 
era and the months from Gaitra into (solar) days. 
Divide it by 976. The quotient is the number of inter- 
calary months. Convert them into years, and add (to 
the given date), and then subtract from it 699 years, 2 
months and 2 days. The result is the Hijri year, the 
months starting from Muharram. (1) 

Do the same for the Hijri date (i.e., convert the years 
and months into lunar days and from the latter obtain 
the number of intercalary months), and then subtract 
from it the intercalary months and add 679 years, 2 



1 The §akabda commenced with the 12th Jovian year and hence 
11 is directed to be added to the current Sakabda and the sum 
directed to be divided by 60. 
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months and 2 days, respectively. The result is the 
Vifcrama date. 1 (2). (SRS) 

7. 13. 2. m HKH+lMR tHWKWMlHW: — 

'w^T^'-^fa nsr. ii v ii 
srpfr^wr — 

1565 'wt hm^t^ (1500) ftf ^irR 65. 
(12) STRPT 780. ^dWHK^H^H : 5 «n^T: I 

^TOT 785. 3TST: FTT^T '^fe' (23) ^ ^TRR 
808. fePdM 1616. <RT: ^yo^HH^iVH' (900) ft# 

qrrcR 1615. '¥KI^' (65)-#f# ^snftFTRT: 24. 3rftRT#p 
3S**r 809. dW i md JJ^TPww: I (67) 
^ 'T*TTCT^' (986) *m sffiff WfTR^r: 1053. 

Maiajit Vedarigaraya, PdrasiprakaJa, 1. 3-4 

Conversion of a Saka date to Hijri date 

Now the method of calculating the Hijri year (sanna) 
and the month from a given date in the Saka era : 

Reduce the Saka (year) by 1500, multiply it by 12 
and add the months from Gaitra. (The result is the 
number of solar months after Saka 1500). 

Take this number separately, add 23 and multiply 
by 2. This, when reduced by its 900th part and 
divided by 65, gives the intercalary months. (3) 

Add these intercalary months to the above (number 
of solar months). Divide the sum by 12. The remain- 
der is (the number of the months as counted from 
Muharram. The quotient increased by 986 gives the 
Hijri year. (4) 

Its illustration : The Saka year 1565, reduced by 1500, 
becomes 65. This, multiplied by 12, becomes 780. 
The current month Sravana beginning with the bright 
fortnight is the fifth month from Gaitra beginning with 
the bright fortnight. Adding this (i.e. 5), we get 785 
(i.e. solar months after Saka 1500). 



1 The Hijri era commenced on V.S. 679 (expired) Sravana gukla 
2 (i.e., Friday, 16 July 622 A.D.), and the years are lunar, inter- 
calation being prohibited by the Quran. Therefore, in order to 
convert a Vikrama date into Hijri one, Pheru first transforms the 
solar years in the Vikrama era into lunar years by adding the inter- 
calary months from the beginning of the Vikrama era. From this 
sum he subtracts the difference between the commencement of the 
two eras (expressed in lunar years) to obtain the Hijri date. The 
reverse process yields the Vikrama date corresponding to a given 
Hijri date. 

In the second operation 679 years 4 months and 2 days should be 
added to get the correct result. 



Take this number separately and add 23 to it. It 
becomes 808. When multiplied by 2, it becomes 1616. 
When its 900th part is subtracted from it, it becomes 
1615. Dividing it by 65, we get 24 intercalary months. 
The above number (i.e. 785), increased by the inter- 
calary months, gives 809 (i.e. lunar months after Saka 
1500). 

When divided by 12, the remainder is (the number 
of the Islamic) month as counted from Muharram (i.e. 
Jamada'l awwal, the fifth month). The quotient 
67, increased by 986, becomes the current Hijri year 
1053. (SRS) 

7. 13. 3. sro <|*flHf< f^-TOM-^M: — 
^u^WlfodWR^U : ' U Y || 

'^TT^'-^fr ^ ^ rf sirrcr: It K II 

cldHHm : (1053) '^^T^f ' (986) ftfT Wffi: 67. 'art* 
( 12} fT^ft 804. ^dwrmw: 5 <aWlft«l«M: I 
^ 3TRT*T 809. OT'fere^:' (23) m sfRT 832. HiPiM 
1664. cRf: FT-%W^' (900) *mW# srRPT 1665. 
'^si-M^' (67) Wf3 SffETRTO": 24. 3TftlHI^MR fl^ ^TIcHT 785. 
^Kvm^ 65; 5. ^ 3"dl5<3d^M: T^T: 5T^llft: 

WFt *m: I 1500 qcl*p# ^ft W 1565. 

(Maiajit Vedarigaraya, Pdrasiprakasa^ 1. 4-5) 

Conversion of a Hijri date to Saka date 

Now the method of calculating the Saka year and 
month of the Hindus from the Hijri date : 

Reduce the Hijri year by 986, multiply it by 12 and 
add the months from Muharram. (The result is the 
number of lunar months after A.H. 986.) 

Take this number separately, add 23 and multiply 
by 2. This, when increased by its 900th part and 
divided by 67, gives the intercalary months. 

Subtract the intercalary months (from the lunar 
months obtained above) and divide by 12. The re- 
mainder is the (number of the desired month as counted 
from Gaitra. The quotient increased by 1500 gives the 
Saka year. (4-5) 

Its illustration : The current Hijri year 1053, reduced 
by 986, becomes 67. When multiplied by 12, it becomes 
804. The current month Jamada'l awwal is the fifth 
from Muharram. Adding this (i.e. 5th month), we 
get 809 (i.e. lunar months after A.H. 986). 
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Write this number separately and add 23 to it. It 
becomes 832. Multiply it by 2. It becomes 1654. By 
adding its 900tb part, it becomes 1665. This, divided 
by 67, gives 24 intercalary months. Subtract the 
intercalary months from the above number (i.e. the 
lunar months). It becomes 785 (i.e. solar months after 
A.H. 986). 

Divide it by 12. The quotient is 65 and the remainder 
5. Therefore, the month is Sravana beginning vvith the 
bright fortnight, which is the fifth month as counted from 
Caitra beginning with the bright fortnight. The 
quotient increased by 1500 gives the present Saka 1565. 
(The date corresponds to A.D. 1643.) 

(The above two rules are basically the same as given 
by Pheru. But instead of computing intercalary 
months for the whole period in the &akaeraor Hijriera, 
Vedarigaraya adopts Saka 1500= A.H. 986 as the gauge 
year (since these two years commence at the same time, 
and makes calculations for the remaining period.) (SRS) 

7. 14. 1. ^MH *TFft ^kK I 

cT<? fc??ncT T^TFT cffe M^mW II T II 

3ffcd^l lP i <4H^M W ^ftf ^WT II ^ II 

(VM, Br. Sam., 58.1-2) 

Linear measures 

The smallest particle of dust that comes to sight, 
when the Sun passes through the interstice of a window, 
is to be understood as an atom. This is the smallest 
unit of all measurements. (1) 

An atom, a dust particle, a tip of the hair, a nit, a 
louse, a barley corn and a digit are in order eight times 
bigger than the preceding measure. One digit becoms 
an integer. 1 (2). (M.R. Bhat) 

7. 14. 2. T^^:f^rtf^fr 3" 

^f^T^T JT^^^d: II R II 



1 Tne result may be tabulated as follows : 



8 atoms 

8 dust particles 

8 tips of hair 

8 nits 

8 lice 

8 barley grains 



1 dust particle. 

1 tip of b air. 

1 nit. 

1 louse. 

1 barley grain. 

1 digit. 



^rf^P^^M^«-3:' n 3 ii 

(VatesVara, VSi., 1.7.1-3) 

Eight anus or minute particles (of dust) seen in a beam 
of sunlight (entering through an aperture) in the interior 
of a house, make one kacdgra (or baldgra) ; eight of them 
make one liksa; and eight of them are said to make one 
yuka. Eight yukas make one yava; eight of them make 
one angula (finger-breadth or digit); twelve angulas 
make one vitasti; two vitastis make one kara (hand or 
cubit) ; four karasmakc one nr (nara, man's height) . 1000 
nr are said to make one krosa; 8 of them make one yojana; 
and 1,24,74,72,05,76,000 of them, say the learned, 
make (the circumference of the circle of the sky 1 
(1-3). (KSS) 

7.14.3. ^M^d^ i ^l <W*-d^"K u l: I 

cT f f^Rt'wts^f cTFT ^HT 1 1 

(Sankara Varman, Sadratnamdla, 2.11) 



Linear measures 

1 yojana 
1 danda 
1 hasta 
1 angula 



8000 dandas 
4 kastas 
24 angulas 
60 vyangulas 



7. 15. 1. MT^jf^ *TFT fppn 3TO^: I 

(Sankara Varman, Sadratnamdld, 2.10) 



Volume measures 

4 kudubas 
4 prastkas 
4 adhakas 
4 dronas 
4 vahas 



1 prastha 
1 adkaka 
1 fifro«<z 
1 p<z£a 

1 khdrikd=one cubic tota 



1 Linear measures 



8 anus 




1 kacdgra 


8 kacdgras 




1 


8 b'&f or 




l_yafca 


8,wiA^ 




1 yava 


8 jwa^ 




1 angina (digit) 


12 angulas 




1 vitasti 


2 vitastis 




1 Aara (cubit) 


4 Aaras 




1 n T 


1000 n r 




1 Aroia 


8 Arafru 




1 yojana 


1,24,74,72,05,76,000^'^ 




1 circle of sky 
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(Sankara Varman, Sadratnamdld, 2.12) 



Weight measures 

1 tula 
1 pala 
1 karsa 
1 mas a 
1 

1 malla 



400 /w/<z.r 

4 karsas 
16 mas as 

5 gunjas 

2 7az><z.r 

3 gunjas 



7. 17. 1. f44HHi W WW cRTOTT 3^ I 

(<Sm. 1.28) 

Measures of angles 

Sixty seconds (vikald) make a minute (kald); sixty of 
these a degree (bkdga) ; of thirty of the latter is composed 
a Sign (rati); twelve of these are revolutions (bhagana). 
(28). (Burgess) 

7.17.2. Md^<l qf^l" ll f| ^TTT 



Trftr: *r '^M^'wt w^ft it \ n 

(Sankara Varman, Sadratnamdld 3 2.4) 



60 pratatpards 
60 tatpards 
60 vitiptikds 
60 liptikds 
30 fozxw 
12 ra/u 



1 tatpard 

1 viiiptikd (viliptd or vikald) 
1 liptikd (lipid or foz&z) 
1 /azKz (or bhdga) 
1 ra/t 

1 celestial circle 



7. 17. 3. ^ktfamfa *T ^ Trfw: HtOTH^*: | 

TRft ^dfc^H I ^ : 3RT fe?T^r T^T ^ II ^ II 

(Sankara Varman, Sadratnamdld, 2.4) 

27 asterismal segments 1= 1 sidereal circle 

1 sign = 2 J sidereal segments 

1 Sign = (2JX60 = ) 135 sidereal 

nddika segments 

7. 17. 4. 3T^ f? W^SFTT T^ftr T^n^ TT?Rt MOT: I 

3fwr: ft^Mi^i: Fnr$*rnj 1 1 

(Aryabhata I, ABh., 3.14) 

(The linear measures of) the Signs are to be known 
to be small in small orbits and large in large orbits; so 
also are (the linear measures of) the degrees, minutes, 



etc. The circular division is however, the same in the 
orbits of the various planets. 1 (14). (KSS) 

7. 18. 1. *rfe srfer *rrfe orf% 

^fe ftpsir ^r)% 1 

^rfor ftrr srfc ftr^ 

(Aryabhata I, ABh. 3 1.12) 

R sine tables (1)— No. 24; R=3438>; arc -3° 45' 

225, 224, 222, 219, 215, 210, 205, 199, 191, 183, 
174, 164, 154, 143, 131, 119, 106, 93, 79, 65, 
5 1 , 37, 22 and 7— these are the R sine-differences 
(at intervals of 225 minutes of arc) in terms of 
minutes of arc. 2 (12). (KSS) 

7. 18. 2. wM^T: ' VKH ^ I ^Y 

W<MHl :' 'VI ^I^I^H:' 

' m^fa^ ' ^OTTTO: mil 



1 The non-equality of the linear measures of the circular divisions 
in the orbits of the various planets implies that although the planets 
have equal linear velocity, their angular velocities are different. 
2 R sines and R sine-differences at the intervals of 225' or 

3° 45' 

Moder n values 
R sines R sine-differencs 



No. Arc 



Aryabhata I's values 

R sines R sine-differences 



1. 


225' 


225' 


225' 


224'.856 


224'.856 


2. 


450' 


449' 


224' 


448'. 749 


223'.893 


3. 


675' 


671' 


222' 


670'.720 


221'.971 


4. 


900' 


890' 


219' 


889'.820 


219'. 100 


5. 


1125' 


1105' 


215' 


11 05'. 109 


215'.289 


6. 


1350' 


1315' 


210' 


1315'.666 


21C557 


7. 


1575' 


1520' 


205' 


1520'.589 


204'.923 


8. 


1800' 


1719' 


199' 


1719'.000 


198'.411 


9. 


2025' 


1910' 


191' 


1910'.050 


191'.050 


10. 


2250' 


2093' 


183' 


2092'.922 


182'.872 


11. 


2475' 


2267' 


174' 


2266'.831 


173'.909 


12. 


2700' 


2431' 


164' 


243T.033 


164'.202 


13. 


2925' 


2585' 


154' 


2584'.825 


153'.792 


14. 


3150' 


2728' 


143' 


2727'.549 


142'.724 


15. 


3375' 


2859' 


131' 


2858'.592 


131'.043 


16. 


3600' 


2978' 


119' 


2977'.395 


118'.803 


17. 


3825' 


3084' 


106' 


3083'.448 


106'.053 


18. 


4050' 


3177' 


93' 


3176'.298 


92'.850 


19. 


4275' 


3256' 


79' 


3255'.546 


79'.248 


20. 


4500' 


3321' 


65' 


3320'.853 


65'.307 


21. 


4725' . 


3372' 


51' 


3371 '.940 


51'.087 


22. 


4950' 


3409' 


37' 


3408'.588 


36'. 648 


23. 


5175' 


3431' 


22' 


3430'.639 


22'.051 


24. 


5400' 


3438' 


7' 


3438',000 


7'. 361 



Similar values are given also in ABh. II. 3.4-8, Mahd. y 3.1-8; 
Bhaskara II, SiJi., 1.2.2-6 etc. 
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'IHi(ll^<mlM^b^«ll^: , 5^r: ii R II 

^f'faWft^I^:' I 
^'^^Hr^+«l^«ll^:' 

' ^H^Hll WTT ? %ldlftdi: II 3 II 

f j^srTmT'-sT^iUiir^«i :' u v ii 

(Lalla, SiDhVr., 2.1-4) 

R sines 

225, 449, 671, 890, 1105, 1315, 1520, 1719, 1910, 
2093, 2267, 2431, 2585, 2728, 2859, 2978, 3084, 3177, 
3256, 3321, 3372, 3409, 3431 and 3438 minutes are, 
respectively, the R sines (or jyas of arcs of 225', 450', 
675', etc.) as given by Aryabhata. (1-4). (BC) 

7. 18. 3. m\ f^rtm'*^' '*hiPm^' 

%q 1 1 ^ % ,J ^\ ^1-^^^:* ii V. ii 

^ ^W^faKWJ :' II \ II 




T#lftlwf^T: H ^ M 

<j#Tfa «*H*K«i «K^<j: II ^ II 

(Lalla, ADA^r., 2. 5-8) 

R versed Sines 

7 29, 66, 117, 182, 261, 354, 460, 579, 710, 853, 1007, 
1171, 1345, 1528, 1719, 1918, 2123, 2333, 2548, 2767, 
2989, 3213 and 3438 minutes are, respectively, the R 
versed sines (or utkramajyds of 225', 450', etc.). 

It is said that 3438, the R sine (Jya) of an arc of 90°, 
is also the radius of the circle whose circumference is 
360° or 21600'. (5-8). (BG) 



7. 18. 4. feH I ^<sWfHH I ^ 

dTi^iyfd r fd^M*t II <\ 3 II 



II <\* II 

(Nila., Golasara, 3. 13b-14) 



The tabular R sines by computation 

To get the R sines successively previous to the one 
already found, multiply this R sine by twice the very 
last difference, and divide by the radius. The result 
plus the difference (using which this R sine has been 
found) is the difference to be subtracted from this R 
sine to get the next previous R sine. 1 

14b. The R sine of any desired arc in excess or 
defect (of a given arc for which the tabular R sine is 
given) can be found by using the hypotenuse, the base, 
the perpendicular etc., (in the manner mentioned 
already). 2 (13b-14a). (KVS) 

7. 18. 5. &mv$ i^rr *rf*r, to ^ craw 1 
^ ^ ^rnfr^K, ^TfW cr^rrt n % n 

<|gkfeMl ^TT "MWIfekilH *tP-Hdl qt+iid II ^ II 

^5TO^nr, ddwtfl: Witt ii * u 

(Nila., Golasara, 3.6-9a) 

R Sines by the graphical method 

In a circle, making the radius the base (of a triangle) 
and the other two sides equal to it, and dropping a 



1 The very last difference is supposed to be known, this being the 
difference between the radius and the penultimate R sine, which 
itself is the R cosine of the first R sine, which is again taken equal 
to the corresponding arc. For example, if there are 24 R sines in 
the quadrant, and if minutes of arc are taken a s units, the radius is 
3438 and is the 24th R sine. The 23rd is ^3438^225^=3430 6 
and the last difference is 7.4. Twice this is 14 8 The Jffl erence 
between the 23rd and the 22nd is 3431x14.8+3438+7.4=22. 
Subtracting 22 from 3431, the 22nd is 3409. The difference between 
the 22nd and the 21st is'3409x 14.8-3438+22-37 The 21st is 
3409-37-3372. The difference between the 21 t and 20th is 
3372x 14.8+3438+37=51. The 29th is 3373— 51=3321. And 

S ° «°This is for ensuring accuracy. Otherwise, interpolation by the 
differences would suffice. The formula is: R sin^ (0 + * ) 
R sin 0. Cos* + R Cos 0. Sin* = R Sin (l~ f ) - * 

R cos 6 where oc is in radians, and sufficiently small. It is this 
formula that is the basis for the instruction in verses 13b-14a. 
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perpendicular from the intersection of the two sides, 
(viz., the vertex), the two segments of the base (thus 
formed) are each equal to half the side, (i.e., the 
radius) . (6) 

The segment itself is (thus seen to be) the R sine of the 
remaining arc of the quadrant. Therefore, R sine one 
rati, i.e., 30°, is half of the radius. (7) 

The R cosine related to it is the perpendicular, (which 
is thus the R sine of 60°). The hypotenuse of (the 
triangle having for its sides) the two half-chords, is the 
radius. The radius minus R cosine is the arrow, (i.e., 
R versine), referring to the R sine. Then, from the hy- 
potenuse of these two, (viz., the R sine and R versine), 
R sines (15°, 7£°) etc. should be found by the repeated 
working in the circle. (8-9a). x (KVS) 

7. 18. 6. fa^T ^IHW ^PT dTiwrufn ^ I 

^ f^^T^ff^rm^: W^T II II 
f^frT 5JTRR#^" fen HIST f^T^TcfFT I 

(Madhava, Q, by Sankara in his com. in 
verse on Nilakantha's Tantrasangraha, 2.10-15) 

'ipn^rft TOftsjf' 'frfr <«M*flc£*:' 1 1 ^ n 
^ Pptts tosft' fTOST to:' i 

' ^ifayg T ^Tsfc' '^f^ff ^hWK: f II 3 II 



'TT^S^STTlf ^Hl^^ ^' II * II 

V^hi i O Trm^ft' '^ft torot w\J ii ^ ii 

d<M<lfc«MMI^l T^TWF qrooflRidi: II ^ U 
(Madhava, Q,by Nilakantha in his Com. on ABh, I, 2. 12) 

Method for accurate R sines correct to 9 places 
of decimals 

Multiply the arc and the resulting products by the 
square of the arc and divide the results, in order, 
by the product of the square of even numbers increased 
by the numbers and the square of the radius. The arc 
and the results obtained from the above are placed one 
below the other and are subtracted systematically one 
from its above, to obtain the R sines represented by the 
expressions vidvdn etc. (440-41) 

- Multiply the unit (i.e. the radius) and the resultant 
products by the square of the arc and divide the results 
by the product of the square of even numbers decreased 
by the numbers and the square of the radius. Place 
the results one below the other and subtract one from 
the above, for getting the Sara (i.e. R— R cos0), 
represented by the expressions stenastri etc. 1 (442-44) 

Use of fi vidvan 9 etc. to derive any chosen sine or 
versine 

Place the expressions 0' 0" 44" s 33" 6", 16' 5* 
41"', 273' 5.7* 47*', and 2220' 39* 40*' from below 
upwards. Multiply the lowest by the square of the 
chosen arc and divide by R 2 (i.e. 2,91,60,000). Sub- 
tract the quotient from the expression just above. 
Continue this operation through all the expressions 
above. The remainder got at the last operation is to be 
multiplied by the cube of the chosen arc and divided 
by R 3 (i.e. 1,57,46,40,00,000). Subtract the quotient 
from the chosen arc to get its R sine. (437) 

Place the expressions 0' 0" 6*', 0' 5' 12*', 3' 9' 37"', 
71' 43* 24", 872' 3" 5*', and 4241' 9* 0*' from below 



1 For the rationale and graphical proof, see Golasara: KVS, p. 16. 



i For an elucidation in modern terms, see A.K. Bag, 'Madhava's 
sine and cosine series', IJHS, 11 (1976) 54-57; T. A. Sarasvati 
Amraa, Geometry in Arte, and Med. India, pp. 165-71. 



65 



7. MEASURES OF TIME ETC 



7. 18. 10 



upwards. Multiply the lowest by the square of the 
chosen arc and divide bv R 2 . Continue the operation 
through all the expressions above. The last quotient 
will be the versed sine of the chosen arc. (438). (For 
the results see footnote below) - 1 (438) . (KVS) 

7,18. 7. WWTt: *§^^Tff%5FT 

(Bhaskara II, Si Si. 1.2.16) 

Rectification of the next R sine difference 

The difference of the previous and the following R 
sine differences being multiplied by the remaining 
degrees and divided by 20, the result is subtracted from 
the arithmetic mean of the two aforesaid differences, 
to obtain the rectified R sine difference. 2 (16) . (AS) 



1 R sines of Madhava derived by the above method 



No. 


Arc 


R Sine 




1. 


225' 


224' 


50" 


22" ' 


2. 


450' 


448' 


42" 


58" ' 


3. 


675' 


670' 


40" 


11" ' 


4. 


900' 


889' 


45" 


15" ' 


5. 


1125' 


1105' 


1" 


39"' 


6. 


1350' 


1315' 


34" 


7" ' 


7. 


1575' 


1520' 


28" 


35" ' 


8. 


1800' 


1718' 


52" 


24" ' 


9. 


2025' 


1909' 


54" 


35" ' 


10. 


2250' 


2092' 


46" 


3"' 


11. 


2475' 


2266' 


39" 


50" ' 


12. 


2700' 


2430' 


51" 


15'' 


13. 


2925' 


2584' 


38" 


6" ' 


14. 


3150' 


2727' 


20" 


52" ' 


15. 


3375' 


2858' 


22" 


55" ' 


16. 


3600' 


2977' 


10" 


34" ' 


17. 


3825' 


3083' 


13" 


17" ' 


18. 


4050' 


3176' 


3" 


50" ' 


19. 


4275' 


3235' 


18" 


22" ' 


20. 


4500' 


3320' 


36" 


30" ' 


21. 


4725' 


3371' 


41" 


29" ' 


22. 


4950' 


3408' 


20" 


U" ' 


23. 


5175' 


3430' 


23" 


11" ' 


24. 


5400' 


3437' 


44" 


48" ' 



R sine in decimal 


Modern value 


.06540 


.06540 


.13053 


.13053 


.19509 


.19509 


.25882 


.25882 


.32144 


.32144 


•38268 


.38268 


.44229 


.44228 


.50000 


.50000 


.55557 


.55558 


.60876 


.60876 


.65934 


.65934 


.70711 


.70711 


.75184 


.75184 


.79335 


.79335 


.83147 


.83146 


.86603 


.86603 


.89587 


.89688 


.92388 


.92388 


.94693 


.94692 


.96593 


.96593 


.98079 


.98079 


.99144 


.99144 


.99785 


.99785 


1 .00000 


1.00000 



R sines in decimal and their modern values have been added 
for the sake of comparison and have been taken from A.K. Bag, 
Mathematics in ancient and medieval India, Varanasi-Delhi, 1979, 
pp. 247-50. 

2 This is a formula for interpolation which agrees with what is 
called the 'quadratic interpolation' given by Ball in his Spherical 
Astronomy, p. 18, in the form: 

x x (x — h) 

y«yo + — (yl-yo) + - \ h2 • (y2-2yl+yo). 

For a detailed treatment, see Si Si: AS, pp. 1 15-18. 



WlkUMN:- 

7. 18. 8. ^H^fHdld WT: ?^d^«imRstWWH I 
WTT ^H^ref ^p^f.d^Rl ^H: II \ II 

(Bhaskara I, MBk., 8.6) 

Arc from a given R sine 

From the given R sine subtract in serial order (as 
many tabulated R sine-differences as possible) : multiply 
the number of the Rsine-difTerences subtracted by 225. 
Then multiply the residue (of the given R sine) by 225 
and divide by the current R sine -difference. Add this 
result to the previous one. Thus is obtained the arc 
(corresponding to the given R sine in terms of minutes). 
(6). (KSS) 

7. 18. 9. ^PwRr ^mHlRl fai:, *Trr: fpTT 

ch^MHm ^W^T^TKP^ I 3Rft MW4i <stfrsa qfwt ^TO 

dN4 i rrq- MRfaWT aT: I ^PwfdOT TOW 5P4H^itf 

(Suryadeva-yajvan, com. on ABh. 9 2.11 : ed. KVS, p. 50) 

Reason to restrict the number of R sines to 24 

Now, why should there a be rule that the number of 
R sines (in a quadrant) be restricted to 24, when the 
quadrant of a circle can be divided into any number 
of segments. 

To state the reason: Here the R sine segments are 
designed as the basis of sine, cosine and hypotenuse. 
Hence, only that division would be useful according to 
which the segment and R sines are equal in length, for, 
if less, the R sine would be proportionally less. Hence 
the quadrant should be divided in such a manner that 
the first R sine and the corresponding arc are exactly 
equal. When the number of segments in a quadrant 
is 24, the first R sine is equal to the first arc. Hence 
division into segments has been restricted to the said 
number (of 24). (KVS) 

sqT: (^) — #sm V; ammfrl^Of Wi: V**' 
7. 18. io. Nr^^id^^mr T^ ^k^iiMi i d *r f^w^r: i 

to^t < i h^ihmni in II 

VH4KuD *T#TT gzft^J TTWt: <K ^TT: FT: IRII 
o^HHfclW fe^l^i^i «qi*TM^ tl 3 II 
W^<un^H g W^H^*f lSgr ftftfW: II * II 
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I M I fe'ju fH fa*l ^ ^ 1 ^IM^I I 

qfcd^ ll *TT ^TWt OTT y<^HI^"h<W II K It 
^r^i^^T^^^lRMyfdr^H Pwfd:*rf|?5rr: I 
q3^- wrrf ftra*Kr Tf^dMd fcrcTT: M ^ n 

firersqgprdror NdM^i^y><i: spr*? ii ^ u 

^TT!JW cf^rR^TT: ^J: II <H II 

JT^S^ sqw £>dl^ ifa I 

I 

TRf^wfef^rarr: ^rf^w: q^rc^ i 

(Varaha, PS, 4.1-15) 

R sines (2)— No. 24; R-120; arc-3° 45' 

Take the circumference as measured in 360 units, 
square it, take the tenth part of the square, and find 
its square-root. The result is the diameter of the circle 
in the units taken. We assume the diameter to be 4°, 
i.e. 240', and hereunder give the tabular sines of angles 
for 3° 45' interval. (1) 

The square of the radius, {i.e., 14,400) is calleddhruva- 
karani, (literally, 'the fixed irrational 5 )- The fourth 
part of it, (i.e., 3600) is the karani (irrational) related to 
the first sign, or 30°. Dhruva-karani minus the karani of 
Mesa, (i.e., 14,400—3600=10,800) is the karani of two 
Signs, or 60°. The square root of a karani is the tabular 
sine. (2) 

The other tabular sines, (i.e., sine 3° 45', sine 7° 30' 
etc. other than the 4 mentioned, total 24), are formed 
successively in the following manner : Let the angle or 
arc for which the sine is required be $ : 

I. Sin 2 0=i [sin 2 20+{12O-sin (90°— 20)} 2 ] 

II. Sin 2 0=6O X {120— sin (90°— 20)}, where the sines 
are in minutes etc. Of the 24 sines, the karani of the 
nth sine= 14,400— the karani of the (24— n)th sine. 
7200 is the karani of one and a half Signs, (i.e. 45°) . (3-5) 



The other sines are the following: In the first sign, 
the minutes parts are successively: 7, 15, 20+3, 20+1 1, 
20+ 18, 5 X 9, 50+3, and 60. The seconds respectively 
are: 50+1, 5X8, 25, 4, 30+4, 56, 5 and 0. 1 (6-7) 

Of the sines in the second Sign the minutes parts 
taking the increments in the current Sign above, are 
successively; 6, 13, 20— 1, 3X8, 30+0, 30+5, 30+9, 
and 30+13. The respective seconds are: 40, 3, 7, 
50 + 1, 13, 12, 60— 14, and 60— 5. 2 (8-9) 

Of the sine increments given in the third Sign, above 
the second, the minutes are: 3, 6, 9, 10+2, 10+3, 
10+5, 10+5, and 10+6. The respective seconds are: 
60—18, 60 — 3, 60—18, 0, 50 — 3, 4, 50—1, and 
5. 3 (10-11) 

Of the intervals, the minute parts are, in the first Sign, 
7, 7, 7, 7, 7, 7, 7, 6; in the second Sign, 6, 6, 6, 5, 5, 4, 4, 4; 
and in the third Sign 3, 3, 2, 2, 1, 1, 0, 0. The seconds 
in the first Sign are, 50+1, 50—1, 50—5, 50—11, 30, 
22, 9, (and here is a break resulting in the loss of the 4th 
foot of the 13th verse, and the first two feet with 4 matras 
of the 3rd foot. From the values of the sines we can 
compute that the seconds in the 8th interval must be 
55, which must have been given in the missing part. 
By examining the remaining part we can construct 
the meaning of this verse thus: 

"The seconds of the intervals in the second Sign are, 
respectively: 10 X (4, 2, 0, 4, 2, 5, 3, 0)+ (0, 3, 4, 4, 2, 
9, 4, 9), added each to each". 

The seconds of the intervals in the third Sign, are 
3X14, 3X5, 3X15, 3X6, 5X8+7, 17, 9X5, and 16 
(12-1 5). 4 (TSK) 



1 Thus we have for the first sign — 

Sine no: 1 2 3 4 5 6 7 8 

Arc or 

angle ; 3° 45' 7°30' 11° 15' 15°0' 18° 45' 22° 30' 26° 15' 30°0' 
Sine : 7' 51" l5'4(T 23' 25" 31' 4" 38' 34* 45' 56" 53' 5* 60' 0* 

2 Adding the minutes and seconds, and 60' for the end of the first 
Sign, the sines are: 

Sine No. : 9 10 11 12 13 14 15 16 
Arc or 

angle: 33° 45' 37°30' 41° 15' 45°0' 48°45' 52°30' 56° 15' 60°0 
Sine : 66' 40" 73' 3" 79' 7" 84' 51* 90' 13" 95' 12" 99' 46* 103' 55* 
a Adding the given minutes and seconds to 103'55", the sine of 2 
Signs, we have: 

Sine No: 17 18 19 20 21 22 

Arc or 

angle: 63°45' 67° 30' 71° 15' 75°0' 78°45' 82°30' 
Sine: 107' 37" 110'52" 113' 37" 115' 55* 117' 42" 1 18' 59* 
23 24 
86° 15' 90° 0' 
119' 44" 120' 0" 
* For explanation and rationale, see PS:TSK> 4,12-15. 
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7. 18. 11. fi*¥Ki: H^l**l<i q^^i: fiiRsi*Kiq: I 

o 

(Deva, AT?, 1.22-24) 

R Sines (3): No. 9; R=300'$ arc=10° 

R Sine differences : 

The R sine-differences at the intervals of 10 degrees 
are! 52, 50, 48, 43, 37, 30, 22, 13 and 5 (minutes). (22) 

R sines 

52, 102, 150, 193, 230, 260, 282, 295, and 300 
(minutes) : these are stated to be the nine R sines. j 

To obtain the R sine of an arc, divide it into smaller 
arcs of 600 minutes each and add the R sine-differences 
corresponding to each of them. (23) 

R versed-sines (for R 300') 

5, 18, 40, 70, 107, 150, 198, 248 and 300 (minutes): 
these are the R versed -sines. (24). (KSS) 

( V ) — e; 5BTOT ^ : W°> ^ rT: 
7. 18. 12. 5T^^rfef¥sRT il^WkM- 

>wj|qu^«M ft ^WW^Plf^dlld 1 1 ^ 1 1 

*d^l^j,fa<%i ^ SlcT TOT: I 
oq|HirH^nd(+<«li: KlRn^'-sli: 

(Lalla, SiDhVr, 13.1-3) 

R Sines (4): No. 9$ R-150; arc=10 

I have given the easier way of calculating the mean 
places of planets by the method called Pratyabdasuddhi 
or corrections given to the longitudes of planets at the 
end of the each year. Now, I shall explain how to 
calculate the true places of planets (more easily) by 
using the Laghujyd method. In this case, the R sine 



of arcs of 10° are used. It must be remembered that 
when the value of an arc corresponding to a given R 
sine is to be found, the multiplier must be 10°. (1). 

The Khandajyds and Pindajyds 

The R sines of the nine consecutive arcs, (each of 10 °, 
in a quadrant), are, respectively, 26, 25, 24, 21, 19, 
15, 11, 7 and 2. 

Now, I give the R sines of arcs of 10°, 20°, 30°, etc. 
upto 90°. They are, respectively, 26, 51, 75, 96, 115, 
130, 141, 148 and 150. 1 (2-3). (BC). 

^n: (*) — im\ ^v?t;/*o; *mx <\%° 

7. 18. 13. q^-^-^-#TT-^-^ff : ^TRT II 'i II 
Sfftft fecfUll^l IM II 

^irM^i^^^THid ^s^r^cfT <r«rr i 
tfNMW!4di<H«ff 3Rrt?r spt: ii v it 

Y*T, *MI<b)d^l: <|lWl3<*M<ar<d^ M K II 

(VK, 3. 2b-5) 

R Sines (5): No. 65 R=3438/80; arc=-15° 

For every increase of 15° of arc form 0, we have the 
sine-segments 11, 10^, 9, 7, 4 and 1£ in degrees. To 
find the sine of any arc, take as many sine segments as 
there are full 15° in the arc. Add to these the fraction 
of the sine-segment got from multiplying the sine- 
interval by the degrees left over, and dividing by 15. 
To find the arc of any sine, deduct from it as many 
sine segments as can be done and multiply the number 
by 15°. Add to this the degrees got by multiplying the 
sine left over by 15°, and dividing by the sine-segment 
next to the last full sine -segment taken. (2b-4a) 

The part of the arc falling into the quadrant 
containing the rasis to 3, i.e. the first quadrant, is 
called bhujd. That falling into the quadrant contain- 
ing rasis 3+ to 6, i.e. the second quadrant, is called 
koti. That falling into the quadrant containing rasis 
6+ to 9, i.e. the third quadrant, is called bhujd. 
And that falling into the quadrant containing rasis 
9+ to 12, i.e., the fourth quadrant, is called koti. The 
rasis etc. of bhujd, deducted from 3 rdiis is called 
koti; the rasis etc. of kopi deducted from 3 r is called 
bhujd. (4b-5). (TSK-KVS) 

7. 18. 14. ariNm <*H I "ll :, +<¥lfiwifildl, Wf^TOT: I 
fr* l *dtfl , o^jKtHW I ^ft , ^ifHWr: II R II 



1 See the notes, & Dh V r : BC, II. 243. 
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. #^^|cnj5ft, ^N^HftrfKfT:, fK^nftaFTT: I 
^f^:^7T^OT^: II * II 

OTrfimt, wn^fr, ^rromr, ffaw^prrfr: u 

H^l^ fff, T^RHTT^ST: + 1 1 V9 1 1 

*Hi*d<sM^i, IS*i«i«*fl^^rr:, wf^r#3Tpr i 

■o 

hchh^^h i, #fitew, Tsrrfem^i: 1 1 

^<sKWi:, ^rfWTT^^T^T: I 

^klfaPil<sllVKIHI- 

ftoHHUsH^ II ?prn>I ^P *KIHi: H <R II 

HW^ j l : W^ffrfe^rr, T^Fr^fr: li^ll 

^HMRmd^l l ^lftttrtMH<qfc^l i: II 
ST^gir, to$^t, #^^<i, ^llRy^KHi: I 
q i ^fa^ l, ^^M I ^ I, ^H I ^H|UK I ^ i: II <R H 

gqfssiw, <«+<i(i«4^fsr: ii ^ u 

m TH*\ Jjrfgd I ttl I *H fcfcl ^ u fT : , ¥KlPd*d<l*ti: | 
^td^N«m i, ^TW^T^ft (TO: II ^ II 

^3SPT:, m41<4«KI: I 

3trH<i<i ,fi^rr:, «KI*RP>I II <\* u 



ftfil'^r:, M^4,^<^WT: II <R II 

ST, JTPTT, WM,^^, *MHH^:, ffifT: I 
H'WI, *W*dl, ^J^,<«JpH*MOTt, ^TT: 1 1 

t^^r, STOT^faw, WM: II 

^TW^T:, WWT:, TO:, ^frf: II 

<^ifn, wr, *ft, sfs^^rPr 1 1 
^rrssnrt, ^,wfafifi<sti 'T'wftct, tid^iUM i 
^<m r, Tm^rr, TTwfr, ^im:, ff^rr: n 
gjrf, ^^tjst, T^r, tot, ^rf^^T^r: i 
fsrr, *r^, sfrnjsrr, -w^nft, #^t^t, fasrfa: 1 1 

t^fcrr: ... 11 ^vs-a n 

q^^RT:, <re*ttd«ft, 4*lHH*fl, ^f^RT,f^WT: I 
^TWT, ^H«fl, #^T^ST: II II 

^qM^:, ¥HH«sH:, WTrfa^T^:, ^nfef#^TpT I 

^enTj^r^^rr, th^ftt, omIh^^ii: i r ^ i i 

t^T, !fFcmFT^T, ^Nlfa^Kl: "II II 

fTcHJifeniiur, ^ra<m^d«ni ^rfarrjfrPr i 
<snm^i i, ^r^rr,ft^TOT^T f ^^F^r^* i 

^y^TO, ** \ <mUv\ \ R y WIT^ffOJTT^T: 1 1 ^ 1 1 
<^dr^^:, ^wPwhiP«i II ^ II 
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H^ll^md^ STOffewf^Fft, yl+H^^Hl^li: II 

^Hiiftrw, <<uih*ptt, TSPMlPdH^Hlfa I 

d^ l ^d l, ^mfiw :, WTfeRTf^T II ^ II 
3^P5fl?fcPT:, ^d^Kl^tflfrl, ^WFTt? I 

qm i ^mfr , ^mni^ i, H*mi*d+<j: ii^ii 
qqyiur i, <^«jNc4>^ N <mi, ferftrwr^nr: iihm 
W'^rmT . . . 

. . . fiRPSTT: m^T^^c^T: II Vo [| 
q^K I, #^F1T, TFTT, ^T^t, fSW^T^T: 1 1 

TPTT:, |W, spf: WHt , M^Kl:, «lfiiMI<Ml: I 

SHIH4), ^r^-i^HlfH I 
W, 44*4*&\, fe^fT, 

WT, H^^f) , S^fSTT: II VY || 

ftrsrcr, H^M ^ c^i, imv^w: *uw, ftiw: i 

qfl*OHI , H«M ^RT:, fn"MYR I 

srfe:, m<hmki, *nr- 

^fcrorr, w^nfr, S^f?TT: II n 



fawn, f^nfffir: KmIumi ^ 

. fe^TT I 

« 

WpT^|cTRIT: +^1+1 ftw: *PT^T?TSR": It 



3[ftFT: +RH+I HKlMtfl fa+Hi: I 

fenfft f^t, fcHi^l II *° II 

Hfo l dcWII^ ^TT: sfrfofT: W I 

"h^fiH^l^^l l d 3^TrT SPM*m1^T sm: II II 

(Vatesvara, Pj*., 2.1.2-51) 

R sines (6): No. 96; R-3437' 44"; arc 56' 15" 

The following are the minutes of the R sines: 56, 
112, 168, 224, 280, 336, 392, 448, 504, 559, 615, 670, 
725, 780, 835, 889, 943, 997, 1051, 1105, 1158, 1210, 
1263, 1315, 1367, 1418, 1469, 1520, 1570, 1620, 1669, 
1718, 1767, 1815, 1862, 1909, 1956, 2002, 2047, 2092, 
2137, 2180, 2224, 2266, 2308, 2350, 2390, 2430, 2470, 
2509, 2547, 2584, 2621, 2657, 2692, 2727, 2761, 2794,. 
2826, 2858, 2889, 2919, 2948, 2977, 3004, 3031, 3057, 
3083, 3107, 3131, 3154, 3176, 3197, 3217, 3236, 3255, 
3272, 3289, 3305, 3320, 3334, 3347, 3360, 3371, 3382, 
3391, 3400, 3408, 3415, 3421, 3426, 3430, 3433, 3435, 
3437. 

Of these R sines, the seconds are: 15, 29, 41, 50, 56, 
57, 53, 43, 25, 59, 25, 40, 45, 38, 18, 45, 58,55, 37, 1, 
08, 56, 25, 34, 21, 47, 49, 28, 43, 32, 55, 52, 21, 22, 
53, 54, 25, 24, 52, 46, 06, 53, 04, 39, 39, 01, 45, 51, 
18, 05, 12, 38, 22, 25, 44, 21, 13, 21, 45, 23, 15, 20, 39, 
10, 53, 49, 55, 13, 41, 19, 06, 03, 09, 24, 47, 18, 57, 
43, 36, 36, 43, 56, 15, 41, 12, 49, 32, 20, 13, 11, 14, 
23, 36, 54, 17, 44. (2— 27a) 

R versed-sines at intervals of 56' 15* 

The following are the minutes of the R versed-sines 
00, 01, 04, 07, 11, 16, 22, 29, 37, 45, 55, 66, 77, 89, 103, 
117, 132, 148, 164, 182, 200, 220, 240, 261, 283, 306, 
330, 354, 379, 405, 432, 460, 489, 518, 548, 579, 610, 
643, 676, 710, 745, 780, 816, 853, 890, 928, 967, 1006, 
1046, 1087, 1129, 1171, 1213, 1256, 1300, 1344, 1389, 
1435, 1481, 1527, 1574, 1622, 1670, 1718, 1767, 1817, 
1867, 1917, 1967, 2018, 2070, 2122, 2174, 2226, 2279, 
2332, 2386, 2439, 2493, 2547, 2602, 2657, 2711, 2767, 
2822, 2877, 2933, 2989, 3044, 3100, 3156, 3212, 3269, 
3325, 3381, and 3437. 

(Of these R versed-sines) the seconds are : 27, 50, 8, 21, 
30, 33, 31, 24, 12, 55, 32, 3, 29, 48, 1, 8, 8, 1, 47, 26, 57, 
20, 35, 41, 38, 25, 3, 31, 49, 55, 51, 34, 5, 24, 29, 21, 59, 
23, 31, 23, 0, 19, 22, 6, 32, 39, 26, 53, 59, 43, 5, 5, 40, 51, 
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38, 58, 52, 20, 19, 50, 51, 22, 23, 52, 49, 12, 1, 16, 55, 
57, 23, 10, 19, 48, 36, 43, 7, 49, 46, 59,26,6, 59, 4, 19, 
45, 19, 1, 51, 47,48,54, 3, 15,29, 44. 1 (27-49 a-b). 
(KSS) 



1 The above R sines and R versed-sines may be stated in the 
tabular form as follows : 



Serial No 


Arc 


R sine 


R versed-sine 


1. 


56' 15' 


56' 15* 


0' 27* 


2. 


112' 30* 


112' 29* 


1' 50* 


3. 


1 fLQf A K* 
lOO TTJ 


loo <tl 


At (\OH 


A 


99 nn* 

440 UU 


44t OU 


7/ 91 n 
1 41 


5. 


no if it* 


4oU OO 




6. 


337' 30' 


336' 57* 


16' 33* 


7. 


393' 45* 


392' 53* 


22' 31* 


o 
O. 


^tou uu 




9Q' 94." 


9. 


OUo 10 


OUrt 40 


3/ 14 


i o 
1U. 


ceo' cm* 
004 ou 




4-V H* 
TJ OO 


11. 


618' 45* 


615' 25* 


55' 32* 


12. 


675' 00* 


670' 40* 


66' 03* 


13. 


/ Jl 10 


79^' 4.^* 
/40 TJ 


77' 9Q* 


1 A 

14. 


7Q7' tin* 

/O/ OU 


/ OU jo 


QQ' AO* 


15. 


otJ tO 


OJJ io 


ifw' ni* 

LXJO u 1 


16. 


900' 00* 


889' 45* 


117' 08* 


17. 


956' 15* 


943' 58* 


132' 08* 


18. 


1012' 00* 


997' 55* 


148' 01* 


19. 


1068' 45* 


1051' 37* 


164' 47* 


20. 


1125' 00* 


1105' 01* 


182' 26* 




j 1 ft l " 15* 

i loi 1 J 


1 1 58' OR* 


200' 57* 


22. 


1237' 30* 


1210' 56* 


220' 20* 




1293' 45* 


1263' 25* 


240' 35* 


24 


1350' 00* 


1315' 34* 


261' 41* 




1406' 15* 


1367' 21* 


283' 38* 


26. 


1462' 30* 


1418' 47* 


306' 25* 


27. 


1518 45* 


1 A C(\t A C\M 

14-by "ty 


00U Uo 


28. 


1575' 00* 


1520' 28* 


004 OL 


29. 


1631' 15* 


1 C*7A/ A Off 

lo/O 4.5 


070/ A fur 


30. 


1687' 30* 


t con' oo# 

I04U J2 


4-UO 00 


31. 


1743' 45* 


1669' 55* 


432' 51* 


32. 


1800' 00* 


1718' 52* 


460' 34* 


33. 


1856' 15* 


1767' 21* 


489' 05* 


34. 


1912' 30* 


1815' 22* 


518' 24* 


35. 


1968' 45* 


1862' 53* 


548' 29* 


36. 


2025' 00* 


1909' 54* 


579' 21* 


37. 


2081' 15* 


1956' 25* 


610' 59* 


38. 


2137' 30* 


2002' 24* 


643' 23* 


39. 


2193' 45* 


2047' 52* 


676' 31* 


40. 


2250' 00* 


2092' 46* 


710' 23* 


41. 


2306' 15* 


2137' 06* 


745' 00* 


42. 


2362' 30" 


2180' 53* 


780' 19* 


43. 


2418' 45* 


2224' 04* 


816' 22* 


44. 


2475' 00* 


2266' 39* 


853' 06* 


45. 


2531' 15* 


2308' 39* 


890' 32* 


46. 


2587* 30* 


2350' 01* 


928' 39* 


47. 


2643' 45* 


2390' 45* 


967' 26* 


48. 


2700' 00* 


2430' 51* 


1006' 53* 


49. 


2756' 15* 


2470' 18* 


1046' 59* 


50. 


2812' 30* 


2509' 05* 


1087' 43* 


51. 


2868' 45* 


2547' 12* 


1129' 05* 


52. 


2925' 00* 


2584' 38* 


1171' 05* 


53. 


2981' 15* 


2621' 22* 


1213' 40* 


54. 


3037' 30* 


2657' 25* 


1256' 51* 


55. 


3093' 45* 


2692' 44* 


1300' 38* 


56. 


3150' 00* 


2727' 21* 


1344' 58* 


57. 


3206' 15* 


2761' 13* 


1389' 52" 


58. 


3262' 30* 


2794' 21* 


1435' 20* 


59. 


3318' 45* 


2826' 45* 


1481' 19* 


60. 


3375' 00* 


2858' 23* 


1527' 50* 



Radius, Square of Radius and R sin 24° 

3437' 44* is the radius; and 1,18,18,047' 35" is the 
square of the radius; and 1398' 13" is the value of R sin 
24° - 1 (49b-50) 

Thus have been stated, in serial order, the ninety-six 
R sines (and R versed-sines) as obtained through mathe- 
matical computation, the equality of the first R sine and 
the elemental arc being taken as the basis of this 
computation. 2 (51). (KSS) 



Serial No. 


Arc 


R sine 


R versed-sine 


61. 


3431' 15* 


2889' 15* 


1574' 51* 


62. 


3487' 30* 


2919 20* 


1 too/ no* 
1622 44 


63. 


3543' 45* 


2948' 39* 


1670 23 


64. 


3600 00* 


2977 10* 


1718 52 


65. 


3656' 15* 


3004 53 


1767' 49* 


66. 


3712' 30* 


303 T 49* 


1817' 12* 


67. 


3768' 45* 


3057' 55" 


1867 01 


68. 


3825 00 


3083' 13* 


1917' 16* 


69. 


3881' 15* 


3107' 41* 


1967' 55* 


70. 


3937' 30* 


3131' 19* 


2018' 57* 


71. 


3993' 45* 


3154' 06* 


2070' 23* 


72. 


4050' 00* 


3176' 03" 


2122' 10* 


73. 


4106' 15* 


3197' 09* 


2174' 19" 


74. 


4162' 30* 


3217' 24* 


2226' 48* 


75. 


42 lo 45 


oooc/ a nit 


44 /y OO 


76. 


4275' 00* 


3255' 18* 


2332' 43* 


77. 


4331' 15* 


3272' 57* 


2386' 07* 


78. 


4387' 30* 


3289' 43* 


2439' 49* 


79. 


4443' 45* 


3305' 36* 


2493' 46* 


80. 


4500' 00* 


3320' 36* 


2547' 59* 


81. 


4556' 15* 


3334' 43* 


2602' 26* 


82. 


4612' 30* 


3347' 56* 


2657' 06" 


83. 


4668' 45* 


3360' 15* 


2711' 59* 


84. 


4725' 00* 


3371' 41* 


2767' 04" 


85. 


4781' 15* 


3382' 12* 


2822' 19* 


86. 


4837' 30* 


3391' 49* 


2877' 45* 


87. 


4893' 45* 


3400' 32* 


2933' 19* 


88. 


4950' 00* 


3408' 20* 


2989' 01* 


89. 


5006' 15* 


3415' 13* 


3044' 51" 


90. 


5062' 30* 


3412' 11* 


3100' 47" 


91. 


5118' 45* 


3426' 14* 


3156' 48* 


92. 


5175' 00* 


3430' 23* 


3212' 54" 


93. 


5231' 15* 


3433' 36* 


3269' 03* 


94. 


5287' 30" 


3435' 54* 


3325' 15" 


95. 


5343' 45* 


3437' 17* 


3381' 29* 


96. 


5400' 00* 


3437' 44* 


3437' 44* 



1 Assuming TT = 3.1416, as stated by Aryabhata I, we have 
21600 21600 = 3437' 44*, correct 

to seconds 



Radius 



2tt 



6.2832 



and 



/ 21600\ X / 21600 V 1, 11Q10n , 7 ,_„ 
(Radius)- (^r) = (^Q32 ) =11818047 35 



correct 



to seconds. 

The value of R sin 24° may be easily obtained from the above 
table of R sines by simple interpolation. 

2 For a detailed account of the development of the subject in 
India, see 'Hindu Trigonometry' by B.B. Datta and A.N. Singh, 
rev. by K.S. Shukla, /J/tf 18 (1983) 39-108. 



7. MEASURES OF TIME ETC 



The following Table gives the essential details of the several Indian R sine Tables from early times to the 18th cent. 



No. 


Constructor of 
Table 


Radius 

chosen 


taken 




Sexagesimal places 
calculated 


1. 


Author of SuSi 1 


3438' 


225' 




1 (min. only) 


2. 


Aryabhata I 2 


3438' 


225' 




1 (same as in SuSi) 


3. 


Varahamihira 8 


120 


225' 




2 (rain, and sees.) 


4. 


Brahmagupta ( 1 ) * 


3270 


225' 




1 


5. 
6. 


(2)« 

Deva* 


150 
300 


15° 
10° 




1 
1 


7. 


Lalla (1)' 


3438' 


225' 




1 (same as in A Bh.) 


8. 


(2) 8 


150 


10° 




1 


9. 


Sumati" 


3438' 


1° 




1 


10. 


Govindasvami 10 


3437' 44* 19"' 


225 




3 


11. 


Vat eg vara 11 


3437' 44* 


56' 15* 




2 


12. 


Manjula 12 


8° 8' 


30° 




2 (deg. and min.) 


13. 


Aryabhata II 18 


3438' 


225' 




1 


14. 


Sripati 1 * 


3415' 


225' 




1 


15. 


Udayadivakara 16 


12375859 /// 
or 

3437' 44* 19"' 


225' 




1 (thirds only) 


16. 


Bhaskarall" (1) 


3438' 


225' 




1 


17. 


(2) 


120 


10° 




1 


18. 


Brahmadeva" 


120 


15° 




1 


19. 


Vrddha Vas^a* 8 


1000 


10° 




1 


20. 


Malayendu bun 1 * 


oOUU 


1° 




2 


21. 


Madanapala 20 


21600 


1° 




2 


22. 


Madhava 21 


3437' 44* 48'" 


225' 




3 


23. 


Paramesvara 22 


3437' 44* 


225' 




2 


24. 


MunlsVara 28 


191 


1° 




4 


25. 


Krsna-daivaj na 84 


500 


3° 




1 


26. 


Kamalakara 26 


60 


1° 




5 


27. 


Jagannatha Samral 26 


60 


30' 




5 




^SuSi, ii. 17-22(a-b). 
*ABh. i. 12. 
*PSi, iv, 6-12. 




iii. 3-6. 
16 His com, on LBh, ii. 
"Sttft, Ganita, ii. 3-6; 


2-3. 
13. 





*BrSpSi, ii. 2-5 
'AT, Parti, iii. 6;DkGr, 16. 
°KR. i. 23. 
i&.DkVf, I. ii. 1-8. 
*Ibid, xiii. 3. 
*SMT and SK. 
10 His com. on MBh> iv. 22. 
"FK, Il.i. 2-26. 
™LMa,il 2(c-d). 
™MSi, i". 4-6(a-b). 



"KPr, ii. i. 

"VVSi, ii. 10-11. 

19 TR, i. 5, commentary. 

20 His com. on SuSi xii. 83. 

21 See Nilakantha's com. on ABk. ii. 12. 

22 His. com. on LBh, ii, 2(c-d)-3(a-b). 

^SiSd, ii. 3-18. 

**KKau> ii. 4-5. 

^SiTVi, ii. pp. 244-5 (Lucknow Edition). 
u Siddhanta-$amraf s ii, beginning. 
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7. 19. 1. WHft<J&i ^TRIW: I 

^mfa*^ l fe^ l t II ^ II 

d-^^jfaldl few: **flW: '^TTOTfe'^: I 
^£rf9PT W feWrTO ^cHT II ^ II 

gr^^s^ ^l i ^idK rnt ^Tfr cffSRf: II H II 
(Bhaskara I, MBk., 7.17-19) 

Direct computation of R sines 

(Now) I briefly state the rule (for finding the bhujaphala 
and the kotiphala, etc.) without making use of the R sine- 
differences, 225, etc. Subtract the degrees of the bkuja 
(or koti) from the degrees of half a circle (i.e. 180 degrees) . 
Then multiply the remainder by the degrees of the bkuja 
(or koti) and put down the result at two places. At one 
place subtract the result from 40,500. By one-fourth of 
the remainder (thus obtained) divide the result at the 
other place as multiplied by the antyaphala (i.e. the 
epicyclic radius). Thus is obtained the entire bdhuphala 
(or kotiphala) for the Sun, Moon or the star-planets. So 
are also obtained the direct and inverse R sines. 1 
(17-19). (KSS) 

7. 19. 2. ^e^d^nnwi wrhmTr^w^M: i 

'q^ft^T^'f^TTf^TT ^m^lpJldl 1 1 

(Brahmagupta, BrSpSL, 14.23-24) 

Multiply the degrees of the bkuja or koti by the degrees 
of half a circle diminished by the same. (The product 
so obtained) be divided by 10125 lessened by the fourth 
part of that same product. The whole multiplied by 
the semi-diameter gives the sine. 2 (24) . (RCG) 

7. 19. 3. ^FTErt^n* *h i fl fa Pi i<\ i w fa h fa * rerr : 



1 In current mathematical symbols the rule implied can be put as 
tfsin0-tf 0(180— 0)/i{4O5OO-0(18O— 0)} 



4 (180 — ) 



40500 — 0(180— ) 
where is in degrees. For the rationale of the process see MBh :KSS, 
pp. 208-10. For the rationale of this method and its equivalents 
by later astronomers, given below, see R.G. Gupta, 'Bhaskara I'g 
approximation to sine', IJHS 2 (1967) 121-36. 
2 The rule works out to : 

_ R f ( 18Q — ft) 



wt: ^ttct rM^<ir^ i far^<si^H^^^nd i H i r^ n 

(VatesVara, VSi, Spasla., 4.2) 

Multiply the degrees of half a circle less the degrees of 
bkuja (by the degrees of bkuja) . Divide (the product so 
obtained) by 40500 less that product. Multiplied by 
four is obtained the required sine. Or the bkuja in 
degrees be multiplied by 180 degrees and (the result) 
be lessened by its own square. A fourth part of the 
quantity (so obtained) be subtracted from 10125, and 
by this (new) result the first quantity be divided. The 
sine is obtained. 1 (2) . (RCG) 

7. 19. 4. ^ ^rd^MK^d i fa ^rr: 'srcrn-- 

3AfffafaH«t ^^Ifi-sftt II ^ II 

(Sripati, Si&. 9 3.17) 

The degrees of dok or koti are multiplied by 1 80 less 
degrees of dok or koti. Semi-diameter times the product 
(so obtained) divided by 10125 less fourth part of that 
product becomes the bkuja or kotiphala? (17). (RCG) 

7. 19. 5. qnWHMMRfe : srom^i: 

(Bhaskara II, Lildvati, Ksetra., 48) 

Circumference less (a given) arc multiplied by that 
arc is prathama. Multiply the square of the circumference 
by five and take its fourth part. By the quantity so 
obtained, but lessened by prathama, divide the pratkama 
multiplied by four times the diameter. The result will 



The two formulae obtained are : 
(180 — 0) X 4 
40500 — 0(180 — 0) 



sin 



and 



sin 

e w 
72 sin 



0. 180 — 0* 



10125 — i(0. 180 — 3 ) 

8 The rule works out to : 

R <p (180 — ) 



R sin 



10125 — i0 (180 — 0) 



10125—20 (180 - 0) 
This form is exactly the same as that of Brahmagupta. 
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7. 19. 6 



be the chord {i.e. purnajyd or double-sine) of the (given) 
arc. 1 (RGG) 

7. 19. 6. SFT^facT Wjfad dHM^<W WP? 

^ fftPK # f<=Hjftld eft ^^ki^^I I 

^TTT%Ttil^l^(Ri|ci W^k«s|U<*irH ^11 

FTRT ^<IWlfrld^4*TNl tier: II V3o. n 
(Narayana Pandita, Ganitakaumudi, Ksetravyavahdra, 

69-70) 

'Multiply by itself half the circumference less (a given) 
arc. The quantity so obtained, when respectively 
subtracted from and added to the squares of half the 
circumference and circumference, respectively, gives the 



Numerator and Denominator. Multiply the diameter 
by the Numerator and divide by one-fourth of the 
Denominator to get the chord.' 

Alternately, 

Multiply the circumference less the given arc by the 
circumference and put the result in two places. In one 
place multiply it by the diameter and divide the result 
by five times the square of the quarter circumference less 
the quarter of the result in the other place. The final 
result is the chord. 1 (RGG) 



1 In symbols these can be expressed as follows. Let c stand for 
circumference. 

First form: 



Numerator, N = — (Je — 20) 2 
Denominator, D = t a + (Jf — 20)* 



then 



Chord =s 



J Vx 2R 
i.D 



1 The rule works out to: 

(360 — 2 0). 20 = prathama 

sin 9 ™ ^ x 5 x 36Q* _ (prathama) 
BR (360 — 20). 20 



I x 5 x 360*— (360 — 20) .20 



giving 



sin 



(180 — 0) 



40500 — (180 — 0) 



Second form: 



2R sin 



2R [ISO* — (180 — 20)*} 
J(360* + (180 — 20)*} 



(c — 20) 20 . 2R 
Chord - TL ~ T 

2R sin 



5(iO 2 -i.20 — 20) 
2R (360 — 20) 20 



40500 — (180 — 0) 
On simplification both the forms reduce to the rule of Bhaskara I. 
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• ylHpd # TT^nf^T ?T *%ift<kli: n Y II 
q> t% ^U|JR*icf^<:^<|U|j 

W ^^i^tM wsre^ ii K ii 

:.: ^FfvfWt fl^PTT foitadW(iWMl4: II % II 

(Lalla, SiDhVr., 14.2-6) 

Importance of the armillary sphere 

No astronomical treatise (is complete) without a 
section an the sphere of the universe, just as the night is 
not (lovely) without the rays of the Moon, no woman 
without breasts (is pretty to look at), and no feast (is 
enjoyable) without sweets. (2) 

Just as a disputant without the knowledge of grammar, 
a sacrificer without the knowledge of the Srutis (Vedas) 
and Smrtis (Puranas, etc.), and a physician without 
experience, so is an astronomer totally unsuccessful, 
without the knowledge of the armillary sphere. (3) 

The astronomers stress that the armillary sphere is 
solely (an object) of mathematical calculations; and that 
those who wish to study the planets must be experts in 
the subject of the sphere. Those who know neither 
mathematics nor the essence of the sphere of universe 
are ignorant. How can they ever detect the motion of 
the planets? (4) 

He who has a comprehensive knowledge of this 
sphere containing the Sun, etc. sees in front of his eyes, 



as it were, the whole universe, beautiful with a variety 
of exquisite situations. Moreover, he becomes the 
recipient of spiritual fruit, wealth, salvation and 
fame. (5) 

The mean motions of the planets, etc., are clearly 
perceptible on the armillary sphere, especially to one 
who has mastered the science of their (geometrical) 
representation. (6). (BG) 

8. 2. 1. 3TST3;^|4^^n^4|fH^ ^rf ^Rh^tHM FTRT I 

Nli+lii^^Hl^sM'l^l^ni? ddWid II % 11 

HltikldltfllPl % ^M^I^^Kld<H4lfH I 

tfNr qjR dd*M II V3 || 

ft^A^^l^l^Hfw+*fl^W+: ^T: II t; II 

*iV?l(V*lfa<4 FTFT PKftWI ^ nR^I 3 I 
3ra^S# ^ wft% ^l^l^+HRd+ld M^M' || 

f^T tsrfe^f dcMld <fi<H^+ I 
^T^Tmfrf <fi^^liW^+y)d*4 II <R II 

<rlHHH?IHW «+^d ^dlfa^PUiW l 
3^ ^tm^^TT5f5$l HH^: ^>rf%: II <J * II 
(Par., a/a/), 1. 3-15) 
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Armillary sphere 

A circle kept (vertically, and therefore) extending 
from below upwards, (and, placed) in the north-south 
direction is (to represent) the Solstiital Colure 
(Daksinottara) :(3sl). 

Another (similar) vertical circle (fixed) at the (upper 
and lower) middle (points) of the first, (and turned to) 
the east-west direction, is the Equinoctial Celestial 
Equator (Ghapikd-mandaia) . (3b) 

Still another circle, {viz., the Equinoctial Golure), is 
(fixed) around these, cutting them at right angles 
and making crosses (Svastika-s) at the four cardinal 
points. (4a) 

These three are called visuvad circles. (4b) 

Of these the Celestial Equator is divided into 60 equal 
divisions, and the other two into 360 divisions. (4b-5a) 

Another similar circle is fixed passing through the east 
and west crosses and inclined at 24° north and south of 
the zenith and nadir. This is the Ecliptic (Apama-vrtta) . 
(5a-6a). 

Construct across the Solstitial Colure on either side of 
the Celestial Equator, (Gkatikavrtta), and parallel to it, 
at the required declinations, several diurnal circles 
(ahordtra-vrtta-s), of different magnitudes. (6b-7a) 

The orbits of the Moon and the other (planets) are 
(then to be constructed) crossing the ecliptic at the 
planets' two nodes (pdta-s) and diverging from it (north 
and south) by their maximum latitudes at three Signs 
(i.e., 90°) from these nodes. (7b-8a) 

Through the north and south crosses formed by 
the intersection of the Equinoctial and the Solstitial 
Colures, the central axis (of the armillary sphere) is then 
inserted. (8b) 

The sphere thus formed is called the Starry sphere 
(Nafoatragola or Bhagola.) (9a) 

The Celestial sphere (Khagola) is constructed outside 
this. 1 Herein too, (three circles corresponding to) the 
Visuvad circles (are to be constructed) as before. Of 
these, the horizontal circle is (termed) the prime vertical 
(Samamandndala) ; and the third is the north -south 
circle or Meridian (Daksinottara). (9a-10a) 

A (model) of the Earth is (then) to be constructed with 
clay, etc. in the shape of a sphere, and placed at the 
centre of (the axis) of the armillary sphere. (10b). 



1 An inner Starry sphere and an outer Celestial sphere are 
conceived in the armillary sphere according to Indian astronomy 
to facilitate comparative measurements of the former with reference 
to the latter. 



The situation of the armillary sphere is like this at 
places of zero latitude. (11a). 

At any other required place, however, two holes are 
made in the Celestial sphere at a distance equal to the 
latitude (of the place), 1 below and above, respectively, 
the south or north crosses and the axis of the Starry sphere 
is made to pass through them. (11 a- 12a) 

A circle termed Unmandala is now constructed (and 
fixed) so as to pass through the two ends of the axis and 
the east and west crosses. This will be the situation of 
the spheres at the desired place. (12b-13a). 

Two pieces of reed (sara-dandikd-s) are fitted (on the 
axis) between the two spheres to keep them in position. 
(13b). 

The Starry sphere revolves constantly westwards, 
blown by the Pravaha wind. The Celestial sphere, 
however, remains stationary; it is constructed in order 
to reckon directions, etc. (14) 

To measure the sine and cosine of the latitude, some 
(astronomers) construct a diurnal circle (with a radius 
equal to the sine latitude, aksa-jyd,) with (a point on) the 
central axis as the centre and just touching the horizon. 
Here the Bhu-jyd (i.e., sin. decl. tan. lat.) is sine latitude 
and the sine declination is cosine latitude. (15). (KVS) 

8. 3. l. ^ww*^s r: %m OTP^f ^twj \ 

CRT %Rr5PF^T 44 1 £44 1 4*1*1 41 ft £ 11^11 

q^Jj/H #fflt Wliffi<r^;dlfH ^4^4 I 
fawfol H 1 44 1^4 ftqdH^l£ T: II V II 

(Lalla, SiDh.Vr., 15. 1-4) 

Sphere of the sky 

The great circle passing through the east and west 
points (of the horizon) is said to be the prime vertical or 
samamandala. The great circle passing through the 
north and south points (of the horizon) is the meridian 
or ydmyottaramandala. In the same manner, the great 
circles (passing through the north-east and south-west 



1 Pala-jyd, here, as also elsewhere below, means only the latitude, 
akfa, and not the sine latitude, ak$a-jya. 
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points and through the north-west and south-east points) 
are called verticals in the intermediate directions (or 
konamandala) . (1) 

The great circle that goes transversely through the 
middle of these is the horizon or hitija. The planets rise 
and set here. (2) 

The six o'clock circle or unmandala passes through 
those two points on the prime vertical where the horizon 
and the celestial equator meet it; it also passes through 
the north pole at a distance equal to the latitude of 
the place, from that point on the horizon, where the 
meridian meets it; it also passes through the south pole 
at a distance equal to the latitude of the place, below 
that point on the horizon, where the meridian meets it. 

The six o'clock circle indicates the increase and 
decrease in the lengths of day and night. (3) 

These six circles of the celestial sphere are each 
divided into 360°. 

The celestial equator or visuvadvrtta (or nadivrtta) is 
divided into 60 (nddts or ghatikds). It is the sphere of 
the fixed stars which is placed below the celestial 
sphere. (4). (BG) 

8. 4. L MM^fW HlfHlfcW I 

^^r^^KM^i^<dl sgrm^ II * It 

y^^|wT|(i4HRd c b < H c WI W^ftd^vf: II \ II 
'f^T'sTPT: <b<w\<\ MWMl* H*<\<\ II II 

mr *mf *rmt: ^mt^iw 5rf*ra<rRft n =ui 

M^qdK ^fSTWt fcWW«ll«f fefW FTRf II £ II 

ar^f +<+4l<flHlfl# qwTT^wHut II V II 

$W>M<il dft^ l W ^ ^ftw I 
WWSW ^fl<Hl "R^rf^T f#WMHI II <H 1 1 

(Lalla, £ZMFr., 15. 5-11) 

Sphere of asterisms 

Hie celestial equator in the Bhagola is to the south of 
the prime vertical (at a distance equal to the) latitude 
of the place. (It intersects the meridian at a distance 
equal to the) latitude of the place, to the south of the 
zenith and (again at a distance equal to the) latitude of 
the place to the north of the nadir. (5) 



There is to be another circle known as meridian which 
completely encircles the (other circles) like the horizon. 
The dkruvayasti or the polar axis is the line joining the 
north and south poles and passing through the earth's 
centre. (The earth is in position loosely in the middle 
ofit). (6) 

The ecliptic or apamandala intersects the celestial 
equator at the first points of Aries and Libra. It is to the 
north of the equator by 24° at which is the first point of 
Cancer. It is also to the south of the equator by .24° 
at which is the first point of Capricorn. (7) 

The Sun moves along the ecliptic and so do the Moon, 
the planets and the Nodes of the Moon and the superior 
planets. The shadow of the Earth also moves on, the 
ecliptic at a distance of 6 signs from the Sun. The 
Nodes of Mercury and Venus move along their respec- 
tive stghravrttas. (8) 

The first half of the orbit or vikscpama$dala (of a planet) 
measured from the Node is to the north of the ecliptic 
and (the greatest distance between them) is the greatest 
latitude of the planet to the north. 

The second half of the orbit measured from the same 
Node and increased by 6 signs is to the south of the 
ecliptic and (the greatest distance between them) is the 
greatest latitude of the planet to the south. (9) 

The three day-circles of the first three signs beginning 
with Aries are drawn parallel to the celestial equator, 
at distances equal to their respective declinations. (The 
same Gircles considered in a) contrary direction are the 
day-circles of the next three Signs. In the same way 
the day-circles of the other six Signs beginning with 
Libra can be drawn. (10) 

The day-circle for any given declination should be 
drawn (parallel to the celestial equator) at a distance 
equal to that declination. The spheres of the planets 
are drawn by means of great circles in the Bhagola. 
(11). (BC) 

8.5.1. ftq^Tlfckm <sN<|U!i ^RT tf*T frT*T I 

^IwflxK ^ ^TRT Mr<+<*R*i II <\R II 

^OTfrTCT W^TTWJ^t ^RT II ^ II 

^ ^fMlfcft II II 

*u«iHi< twiA<w<M4 , H*(w wj it n ii 

(Lalla, SiDhVr., 15. 12-15) 
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Sphere of the planets 

In the plane of the equator, make a circle equal to 
the planet's orbit. (This is the equator in the sphere of 
the planet) . Also draw the meridian circle going round 
(this circle) like the horizon. (12) 

Now, fix a great circle at the same distance from the 
circle already drawn equal to the planet's orbit as is the 
ecliptic from the celestial equator in the celestial sphere. 
This will be the ecliptic in the sphere of the planet. The 
planet moves along this (circle) . (13) 

(Then, fix) epicycles for mean anomaly and for iighra 
anomaly and also eccentrics for mean anomaly and for 
tighra anomaly. 

The Sphere of the Earth is beneath that of the 
planets. (14) 

The circle attached to the six o'clock circle at a 
distance equal to the planet's declination, in the eastern 
and the western hemisphere > and to the planet's meridian 
at a distance equal to the planet's meridian zenith 
distance, is the diurnal circle of the moving planet. 
(15). (BC) 

8. 6. 1. m*4\<*[ JTSqwil^Ti WHHHd f^ft I 

^^^MpWK TO: FTTcT d<wfi W^K: It W 

^nTnT^TT^Tf ^^R^T^PT ^ FTTrT tl 1^9 II 

mm: qfrfrf si«wRiW ^pN n u 

fe^Rt HOiiftHN^Hl *T It II 
m^S: m^A< fa(**$*1ld ^>H*I^$<<=I FTT^T I 
fl*K(W«nTK$*|j^dJl«H ^Vl^$: II ^ II 

fl^tfr)j|<r| | < fwiUHIlftfo ^T#^TT II ^3 II 

fayfo^ T^ft Hdiuii: ^*VHai vFQ: I 
^tUMdHHI^ d«MHHI*H*fi3 ^T: II II 

m fa^ l ^iPM ^3*t: ^#■^^ ■11 ^H, ll 



^»irdHrd«l4l^i <*Jktf <T^TT TO II ^ II 

H^,N t -d ^Mmmn^d eprr i 

^5qrg^n"^<|U||^M^v^| ST^E§|r: II ^ II 
gcffat 4K^<^^W<r*l*«M ^ft: II ^£ II 
f^j^pf^f^ ferofw WHJ ^ II 3° II 

M^^mIm ^TT f^miWnft II 31 H 

i|»rU4l3*^«k1l ^"^TiHi W$^T II ^ tl 

(Lalla, SiDhVr., 15. 16-32) 

The Armillary sphere and its use 

The meridian is also called madhyajydvrtta. The 
madhyalagna or meridian ecliptic point is on this circle. 
The drhmandala is above it. The planet is seen on this 
circle. (16) 

The drggatijivdvalaya is just ahead of the meridian 
ecliptic point. 

The circle on which the extremity of the shadow (of 
the gnomon caused by a planet) moves, is opposite to 
that on which the planet moves. (17) 

The amplitude or agra is (measured) on the celestial 
horizon . Its R sine is the R sine of the arc of the horizon 
intercepted between the east point and the day-circle of 
the rising planet or the west point and the day-circle of 
the setting planet. That is, its extreme points are the 
east (or west) point and the point where the planet rises 
(or sets). (18) 

The earth-sine or kujyd is the R sine of the arc of the 
day-circle intercepted between the horizon and the six 
o'clock circle. The R sine of the same arc, when 
converted to the great circle or trijydvrtta is the R sine of 
the ascensional difference. (19) 

The orient ecliptic point or lagm is the point on the 
ecliptic where the eastern horizon meets it. The 
astalagna or the setting ecliptic point is the point on the 
ecliptic where the western horizon meets it. (20) 

The R sine of the degrees of the arc (or altitude) by 
which the Sun is raised either above the eastern or the 
western horizon, is called sanku. The Sun is at its 



8. 6.2 



INDIAN ASTRONOMY— A SOURCE-BOOK 



78 



extremity. Or, (it can be said that the) fanku is the 
perpendicular support of the Sun's disc. (2 1) 

The samasanku is the R sine altitude of the Sun when 
it is on the prime vertical ; and the konafanku is the R sine 
altitude when it is on the konamandala or the vertical circle 
in an intermediate direction. When the Sun is equidis- 
tant from the north and south points of the horizon, the 
R sine of the degrees by which it is raised above the 
horizon is called 'ianku at midday' or dyudalasanku. (22) 

When the Sun is on the meridian, the R sine of the 
degrees measured from the zenith is called natajyd or R 
sine zenith distance . The drgjyd is the distance on the 
earth between the foot of the R sine altitude and the 
centre of the earth, that is, the point where the directions 
meet. (23) 

When the Sun is on the equinox, its zenith distance at 
midday is equal to the latitude of the place, and its 
altitude is the colatitude of the place. Thus, the R sines 
of the zenith distance and of the altitude are, respectively, 
the R sines of the latitude and the colatitude of the 
place. (24) 

The line that joins the zenith to the point of 
intersection of the lines of direction is the radius or trijya 
and so is also the line that joins the top of the R cosine 
latitude to the same point. The same trijya is the hypo- 
tenuse in a rectangular figure. (25) 

In the north, measure out an arc below the horizon 
equal to the elevation of the pole. (Let it be the lower 
point.) In the south, measure out an arc of the same 
length above the horizon. (Let it be the upper point.) 
One half of each of the vertical lines joining one of the 
poles to one of the points measures the R sine latitude of 
the place ; and one half of the horizontal lines measures 
R sine colatitude. One half of the oblique line joining 
one upper point to One lower point is the radius or 
trijya. (26-27) 

When seen from the equator, the radius of the orbit 
of a planet is the radius of its diurnal circle. The same 
is the R sine of the zenith distance of a planet when seen 
from the pole of the Earth. The R sine of its declination 
is its R sine altitude. (28) 

The latitudinal parallax or nati is the north-south 
difference of the orbits of two planets from the middle of 
the sky. The parallax in longitude or lambana is their 
east-west difference. (29) 

The prime vertical, meridian, horizon, celestial 
equator and the six o'clock circle (all of the same size 
as the planet's orbit) are fixed for the stars and planets 
(at any given latitude) . (30) 



There are 7 epicycles, 7 eccentrics, 7 drnmandalas, 7 
drkksepamandalas and 7 apamandalas or kaksdmandalas, one 
each for each planet beginning with the Sun. Then, 
there are 5 Ughra epicycles and 5 stghra eccentrics, one 
for each of the five planets. Then, there are 6 
vimandalas, one for the Moon and five for the five 
planets. Thus, there are 51 great circles (which are 
not fixed). (31-32). (BG) 

8. 6. 2. m *Hd*M'Rl44 ^?4<4ft+0TlW^pT: | 

x*nw<H-l ^ cFTT t£«K|bd4l' H^TT II V II 

W*TTf^ HH I M<l»RcK l [«l W^T: I 

HliWTi^i dl*K$-fafa^lsifo«liM II \ II 

-MdWPWHH +<<WMd «TT W: II s II 

3TO^TR^TRT FTSrRr ^dM «idlWl II 5. II 

(Lalla, SiDhVr., 21. 3-9) 

Now, in order to determine the lagna (i.e., the 
longitude of the rising point of the ecliptic) and the kdla 
(i.e., the time elapsed since sunrise in the forenoon, or to 
elapse before sunset in the afternoon) , one should get a 
Bhagola ('Sphere of the asterisms') constructed with the 
help of nine circles, the prime vertical etc. The ecliptic 
should also be exhibited in it, in the manner stated 
before. (3) 

Outside the Bhagola should be constructed the Khagola 
('Sphere of the sky' or the Celestial sphere) by means of 
the prime vertical, the horizon, the meridian, and the 
6 o'clock circle, and having the polar axis and in its 
middle the globe of the Earth, as before. (4) 

(The equator lying on) the Bkagola should be 
graduated with the 60 marks (of ghatis), whereas the 
prime vertical and the other circles should be graduated 
with the 360 marks (of degrees). The Khagola should 
be fastened firmly (to the polar axis,) whereas the Bhagola 
should be kept loose by tying it to two loose pipes inserted 
into the polar axis. (5) 

Now, one should fix one end of a pin to that point of 
the equator which rises with the Sun and should point 
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the other end of the pin towards the degree-mark of the 
ecliptic occupied by the Sun. (6) 

Now, rotate the Bhagola continuously until the shadow 
of the pin passes through (Ut. does not leave) the centre 
(of the Bhagola). This being done, the degrees of the 
ecliptic lying between the point denoting the Sun and 
the horizon denote the degrees of the ecliptic which 
have risen since sunrise, and the ghatis (on the equator) 
lying between the pin and the horizon denote the ghatis 
(elapsed since sunrise) . (7) 

Alternative method 

Or, the Kkagola should be mounted on four vertical 
pillars of equal height erected at the four cardinal points, 
whereas the Bhagola should be rotated by the instruments 
of action (such as rope etc.) or bijas (such as mercury, 
oil and water) by (the astronomer) placing himself in 
the hemispherical cavity underneath. (8) 

In the polar axis, one should fix a pin in the plane of 
equator, which should be free to move with the Bhagola. 
The ghali marks of the equator with which its two ends 
are in contact (at the moment) indicate the ghatis elapsed 
(since sunrise) . (9) . (KSS) 

8. 6. 3. Wft^r T^Rt J^lM+lPufl^ I 

^ l ^<M I ^<WN dcM+^IMMMd : II X II 

jtsfrcrcfr ^rf ^M l jlH I ^M^H I d II \ II 
^TT: 5R^RrfT^" <*><Wl<Adi fawn a I 
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^iPd^l OTT ^T: W% I 
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ftrf^S ^FTW ^ttfd dWd II II 



TTSqftrf^W^T ^^OTS^sfasfcra 11 <\Y II 
^IT ^i^vrij i xr faM^feiFd^ I rd^ I 
^MR ^^TFf^ fard^l^^H II n II 

ci^^W ^r^iPM ^+m!4h tiwR; i 

3TiJff^^n^FT ^T^^RTTWTSPRT It ^ tl 
^Hm^id^'M^l^d' WRT: II <\\B II 

(SuSi., 13. 3-18a) 

Prepare the wonder-working fabric of the terrestrial 
and stellar sphere (Bhubhagold) . Having fashioned an 
earth -globe of the desired size, fix a staff passing through 
the midst of it and protruding at either side, for Meru; 
and likewise a couple of sustaining hoops (kaksa), and 
the equinoctial hoop. (3-4) 

These are to be made with graduated divisions (angula) 
of degrees of the circle (bkagana). Farther— by means 
of the several day-radii, as adapted to the scale 
established for those other circles, and by means of the 
degrees of declination and latitude (viksepa) marked 
off upon the latter — at their own respective distances 
in declination, according to the declination of Aries 
etc., three hoops are to be prepared and fastened: these 
answer also inversely for Cancer, etc. In the same 
manner, three for Libra etc., answering also inversely 
for Capricorn, etc. ; and situated in the southern hemis- 
phere, are to be made and fastened to the two hoop- 
supporters. (5-8a) 

Those likewise of the asterisms (bha) situated in the 
southern and northern hemisphere, of Abhijit, of the 
Seven Sages (saptarsayas), of Agastya, of Brahma etc., 
are to be fixed. Just in the midst of all, the equi- 
noctial (vaisuvatf) hoop is fixed. (8b-9) 

Above the points of intersection of that and the 
supporting hoops are the two solstices (ay ana) and the 
two equinoxes (visuvat) . From the place of the equinox, 
with the exact number of degrees, as proportioned to the 
whole circle, fix, by oblique chords, the spaces {ksetra) 
of Aries and the rest; and likewise another hoop, 
running obliquely from solstice (ayana) to solstice, 
and called the circle of declination (krdnti): upon that 
the Sun constantly revolves, giving light; the Moon and 
the other planets also, by their own nodes, which are 
situated in the ecliptic (apamandala) , being drawn away 
from it, are beheld at the limit of their removal in lati- 
tude (viksepa) from the corresponding point of declina- 
tion. The orient ecliptic point (lagna) is that at the 
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orient horizon; the Occident point (astamgacchat) is 
similarly determined. (10-13) 

The meridian ecliptic-point (madhyama) is as calculated 
by the equivalents in right ascension (lankodayas) for 
mid-heaven (khamadhya) above. The sine which is 
between the meridian {madhya) and the horizon (foitija) 
is styled the day-measure (antya). (14) 

And the sine of the Sun's ascensional difference 
(caradala) is to be recognized as the interval between the 
equator (visuvat) and the horizon. Having turned up- 
ward one's own place, the circle of the horizon is 
midway o f the sphere. ( 1 5) 



As covered with casing (vastra) and as left uncovered, 
it is the sphere surrounded by Lokaloka. By the flow 
of water is ascertained the revolution of time. (16) 

One may construct a sphere-instrument combined 
with quicksilver; this is a mystery; if plainly described, 
it would be generally intelligible in the world. (17) 

Therefore, let the supreme sphere be constructed 
only according to the instruction of the preceptor 
(guru). (18). (Burgess) 1 } 



1 For notes, see Su. Si: Burgess, pp. 298-305. 
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9. 1. 1. ' i H^M^^ <f««tf34 

TRT^T ^WHliHmiWMId 

(Sankaranarayana, Com. on 3. 20) 

Observatory at Mahodayapuram in Kerala, c. 
A. D. 860 

(To the King): Oh Ravivarmadeva, now deign to 
tell us quickly, reading off from the armillary sphere 
installed lat the observatory) in Mahodayapura, duly 
fitted with all the relevant circles and with the Sign 
(-degree-minute) markings, the time of theorising point 
of the ecliptic (lagna) when the Sui is at 10° in the Sign 
of Capricorn, and also when the Sun is at the end of the 
Sign Libra, which I have noted. 

Then again — 

Oh Ravi, deign to tell us immediately, reading off 
from the armillary sphere, by means of the reverse 
vilagna method, the time for offering the daily oblations, 
when the Sur, shrouded under thick clouds, is 10 in the 
Sign Leo and also when it is the middle (i.e. 15°) in the 
Sign Sagittarius. (KVS) 

1 (Bapudeva, Manamandira, p. 15) 

Kasi Manamandira Observatory 

In Varanasi, on the banks of the Ganges, not far 
removed from Manikarnika ghat there is a building 
named Manamandira in the north-west direction, which 
was constructed by the king named Manasimha of Amer 
city in the province of Rajputana. Approximately 150 



years ago, 1 his (Manasirpha's) famous descendant Jaya 
Sirnha installed certain astronomical instruments in that 
building for observing the planets and stars. Here I am 
describing them in brief for the pleasure of those scholars 
who want to know their use. (SDS) 

9. 3. 1. m ' qiHUu 'firf^ ^ gfi Hun^^wi^ yfeTT- 
fiiw^MRmi^ ^mWl^wprlw ^nfHW-^rr^ f^^ft- 
^ ^feTmf^r °f^i^ft: d<Miw1fc4*>iwwvi3vinl: 

qf^rt d?w^*^wi ^ otvA^ id fam wiwd i- 
?TRT q ^^ i Pddl sftr^Trr swprreh ^HRci*i^«*ffPr 

cRmfeT: ^TRIT:, ^l^H M<HMi: 3TW^T f d^ftiM*^' 
(Bapudeva, Manamandira, pp. 15-16) 



1 That is about A.D. 1720, being approximately 150 years prior to 
A.D. 1866 when the present account was written. For an account 
of the astronomical endeavours of Sawai Jai Singh, see K.V. Sarma, 
Foreword, and S.D. Sharma, Introduction to Manamandira: &DS, 
pp. ix-xxiv, 1-13.. 
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Yamyottara-y antra: Mural quadrant 

There is a Tamyottara-yantra in the North-South 
direction in the form of a wall made of lime-brick-stone. 
It is 7 1 /3 hands 1 in height 6 hands and 1 2/3 angulas in 
breadth and 16J angulas in thickness. One of its sides, 
facing east, is whitewashed and smoothened. On this 
side,at the points near the top corners, there are fixed two 
gnomons (sankus) made of iron, which are separated by 
5 5/24 hands from each other and are fixed at a height 
of 7 hands less 2 angulas from the ground. With the 
gnomons as centres and the radii equal to the distance 
between them, there are drawn two intersecting quad- 
rants. Below both these quadrants are the concentric 
quadrants which are uniformly divided consecutively in- 
to 15 parts (of 6° each), 90 parts (of 1° each), and 900 
parts (of 6' each) . This instrument can be seen by the 
visitors at first sight while entering the Mandira. 

In this instrument, every day at midday, when the 
Sun is on the meridian, the shadow of the gnomon falls 
on the quadrant whose centre is the former. From the 
base of the other gnomon up to the shadow are the 
altitude degrees and from the bottom (up to the shadow) 
are the co-latitude degrees . But in Varanasi the latitude 
is more than the maximum declination (the obliquity) 
of the Sun. So it cannot go higher (towards north) than 
the zenith there. Thus for the Sun, only the quadrant 
with the centre towards south is useful. Here the gradua- 
tions of both the north-south (gnomon) -centred quad- 
rants are for the observations of all the stars north or 
south of the zenith, when they are on the meridian. 
This (fact) would be evident to the scholars. 

With the help of this instrument, the maximum 
declination of the Sun and the latitude (of the place of 
observation) can be known easily. Observing the co- 
altitudes (zenith distances) every day at midday, what- 
ever maximum and minimum zenith distances are 
observed, half of their difference is the maximum decli- 
nation. King Jaya Sirnha has determined its value 
to be 23° 28'. The maximum zenith distance derived 
by subtracting the maximum declination or the mini- 
mum zenith distance by adding to the maximum 
declination yields the latitude. 

Thus, knowing the latitude of the place, note the 
zenith distance of the Sun on any desired day at midday 
time. Subtract the latitude from this. The remainder is 
the declination of the Sun on that day. If the latitude is 
less than the zenith distance, then the decimation is to 
the north and if the latitude is greater than the zenith 
distance, then the declination is to the south. From 
this, the ascensional difference (and hence) the lengths 



1 Hand {tosta) refers to the linear measure 'cubit'. 



of day and night and also the celestial longitude of the 
Sun are easily understood by astronomers. (SDS) 

9. 4. 1. 3ffef TOT: ^WtfPdW: $rr*TWT tRT^N" 

(Bapudeva, Mdnamandira^ p. 16) 

An unknown instrument 

Towards the east of this north-south wall (where the 
Tamyottarayantra is placed) there is an adjacent plane 
with breadth equal to that of the wall and length equal 
to seven hands. Although it was initially levelled like 
(the surface of) water, now it is uneven. On this plane 
there were fixed two pegs of iron with holes at the top. 
These are fixed along the eastern direction determined 
by the two gnomons in the wall. At present only one of 
them, in the east, exists there. Quite near this plane, 
there is a levelled circular plane made of lime-bricks 
and with diameter equal to one hand and 9 J angulas. 
There is also another, (a second), levelled circular plane 
made of stones and having diameter equal to 2 hands 
and 7 angulas. Nearby this plane there is a levelled 
square with side equal to 1 hand and 11 angulas. The 
graduations on these two circular platforms and the 
square are erased now. But it seems that during 
earlier times these Were made use of to ascertain the 
gnomonic shadow and the azimuth. (SDS) 

9. 5.Y srfer fafa^wkKfeq: f%f^ <pf^*rnr 
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qT^fr ^rf^FTT^TTWr Hd^fd+i: Wt: HiT^wmm ^FTT- 
Tlt ^TUll^ld q"kf# ^ dd")vi*d<Wlwn: \ Ud^WNId- 

srcJntnp^ srrg^ff gsRt farfk <prh: t^nr ^nr- 

ST^T ^T^FT ^RT: *H*U<sM FTFT I U,d^l<* WTcT g^rffe- 
TT^Tf ^ T(TO^T TOW ^TW^ I 

^ft^rf^nCFT dd+M' cRft W +Mdl«HI*d°M- 
fa^+W TOsFRTOfi flWWeH>Wd d"RPT q*l^^U|H4|w*: | 
d^i^ia^M^M ^ ?fl J l^d k+lRn+l d d d Ml wRf I ST 

I ^ftsfr cTFT ?T^^T dr+Mi>«l J ldd dd+M'd MHIH<+- 
Hl^lti^Wi ^dl f*1 ^1 VI ^ f^l ^ | ^il ^i*) Ri 1 

(Bapudeva, Mdnamandira, pp. 16-17) 

Samrat-yantra 

Towards the north of the Bhitti-yantra somewhat in 
the eastern part, there is another big instrument called 
Samrdhy antra. This has a gnomon wall which is set in 
the precisely determined north-south direction and is 
made of lime-brick stones. This is 3 hands in thickness 
and 24 hands in length. Its upper part, which is, made 
of stones, is inclined and points towards the polaris. 
In the south, the base is 4 J hands in height and on the 
front side in the north, it is 15 hands less 3 angulas in 
height. It has ladders in between. On the eastern 
and the western sides there are two stony arcs with radii 
6 hands and somewhat more than a quadrant each in 
size. These have breadth somewhat less than 4 hands 
and their thickness is 9J angulas. Their centres lie on 
the iahkupdlis (the edges of the gnomon wall). On each 
arc, there are quadrants which, at the edges, have divi- 
sions in 15 equal ghatis. Each division is further gra- 
duated in uniform six subdivisions which are somewhat 
less than 3 angulas in measure. On the sankupdlis (on 
both edges of the gnomon wall) there are two small iron 
rings, whose centres coincide with the centres of the 
cdpapdlis (the edges of the arcs). 



In this instrument, during daytime, from the base of 
the gnomon up to the shadow of the cdpa^dli whatever 
are the ghati divisions, these will be the hour angle (in 
units of gAa ^"-timings or the nata-ghafis) . If the shadow 
of the gnomon falls on the western side, then take these 
(nataghatfs) to be the time left for midday and if the 
shadow falls on the eastern side then take these to be the 
time past midday. In order to observe keenly the 
shadow from nearby positions stony riding passages are 
made on both the arcs. But because of excessive 
weight, the arcs are a little inclined from the actual 
positions near the terminal edges. So, in these parts, 
the shadow gives time which is somewhat erroneous. 

The shadow of the sankupdli from the Moon is not so 
clear as it is from the Sun. Moreover, the planets and 
the stars do not produce any shadow at all. That being 
so, how can the hour angles of the planets Mars etc. and 
those of stars be determined with the help of this instru- 
ment ? For this, we give the method as follows : 

Construct a fine narrow and exactly straight tube 
out of metal. Place one of its ends on the edge of the 
arc and the other end on the sanku-pdli in such a way 
that the planet or the star whose hour angle is to be 
determined is visible through the hole of the tube by 
placing the eye below the cdpa-pdli. In this way the 
hour angle is evidently determined from the point of 
contact of the tube on the cdpa-pdli. From the point of 
contact of the tube with the sahku-pdli upto the centre of 
the cdpa-pdli is the tangent line of the declination of the 
planet or the star. In this manner, the hour angles and 
declinations of Sun and other planets can be well 
determined with the help of this instrument. 

Also, the visuva-kdla (right ascension expressed in units 
of time) of a naksatra can be determined with the help 
of this instrument. The method is as follows : 

Determine the hour angle of the Sun at the time of its 
setting. Using a chronometer, note the time interval by 
which the star whose visuva-kdla is to be determined, is 
visible in the sky. The sum of the two is the hour angle 
of the Sun at that time (i.e., the time when the star is just 
visible) ; on adding to this the visuva-kdla (right ascension 
in time units) of the Sun, one gets the visuva-kdla of the 
dasama-lagna (the point of contact of the ecliptic with the 
meridian). Determine the hour angle of the star at 
that time and add to or subtract it from the same (i.e., 
from the visuva-kdla of dasama-lagna), depending upon 
whether the star is in the eastern or western hemisphere. 
The result is the visuva-kdla of the star. 1 (SDS) 



1 For the rationale, see Mdnamandira : SDS, pp. 29-32. 
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(Bapudeva, Mdmandira, p. 17) 

Bhitti-yantra 

In this very instrument, on the eastern side, there is 
made another Bhitti-yantra of the type described earlier, 
but here the distance between the two gnomons is seven 
hands less 2 angulas. (SDS) 

9. 7. 1. MiHW ZFcfRT feftt Ht-d^ TT^W- 

^ ^fafFf WTT *rfczr*ft# ftW^T -^TST^W TOM: ?TRT# I 

(Bapudeva, Mdnamandira, pp. 17-18) 

Nadi-mandala : Equinoctial circle 

Towards the east of the yantra described last, there is, 
in the plane of the celestial equator, another stone 
instrument called Nadi-mandala. On its northern side, 
there is a circle whose diameter is 3 hands and 2 angulas. 
It is divided into four parts by vertical and horizontal 
lines. Each quadrant is graduated into 90 degrees. 
At the centre of the circle there is an iron peg pointing 
towards the polaris. From the shadow of this rod, when 
the Sun or the naksatra is in the northern hemisphere, 
its hour angle is known. Also the south-facing side of 
this instrument has a circle with diameter equal to 1 
hand and 13 angulas. This too, like the north-facing 
side, is divided into quadrants by vertical and horizontal 
lines and graduated in degrees. This circle is intended 
to determine the hour angle if the naksatra or the Sun 
is in the southern hemisphere. (SDS) 

9.8.1. 3Tfef q^TFT ft^Z ftlfadWHWwId 



(Bapudeva, Manamandira, p. 18) 

Cakra-yantra 

Near the very instrument (described last) there is 
cakra-yantra. It lies in between two walls. It is made 
of iron and is capable of rotating. On the outer 
periphery, there is a covering with bronze foil. Its 
diameter points towards the polaris. The periphery is 
3 angulas broad and \ angula in thickness. On the 
edges it is graduated in degrees and each degree is 
further divided into four equal parts. There is a patti 
(tube device) made of bronze. It is 3 angulas broad 
and passes through a peg at the centie. The same 
has a thread with a mark (index) in the middle. 

To know the declination of a planet or star with the 
help of this instrument, move the instrument and the 
patti in such a way that the celestial body, whose declina- 
tion is to be determined, is visible along the thread to the 
eye placed below the patti. From the diameter per- 
pendicular to the one facing the pole, the degrees on the 
periphery up to the patti is the declination of the planet 
or the star. 

In this very instrument there were base circles etc. for 
determining hour angles of planets and stars, but these 
have been erased now. The patti is now bent and hence 
with the help of this instrument described above, the 
declination cannot be determined accurately. (SDS) 

9. 9. 1. ^ STWT $W 

(Bapudeva, Mdnamandira., p. 18) 

Small Samrat-yantra 

Towards the eastern side of the (yantra described 
above) there is a small yantra having its construction 
similar to the Samrat-yantra. This has a fanku-{w\\) 6 
hands and 1 7 angulas in length and 20 angulas in thickness. 
On the southern side, the height is 2\ hands and on the 
northern side, it is 5£ hands high. The arcs are 1 1/6 
in breadth and 5 angulas in thickness. Their edges 
(capa-palis) have a radii equal to 2 1 ft hands. (SDS) 

9. io. 1. srfer v^m, smart ftftr f%3^ fc'iti^n i 
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fWWft ftfq^fT: SHOT f^FT ^TTf^SRft- 

f^TT 43 l *dfc*H WlfapTHI^Hir^ld^d^l feflTOlt *T 
sfctd^d^HldiH cfcft^^TRft FTKTPT I a"«TT ^ ^T^T- 

sfn^^T ^t^t fern ^^rfcr t 

(Bapudeva, Mdnamandira, pp. 18-19) 

Digam€a-yantra 

On the eastern side of this instrument there is a big 
Digaihsa-yantra (an instrument for knowing digathsa or 
azimuthal angle) . At its middle there is a pillar having 
a diameter equal to two hands and \Q angutas and height 
equal to 2| hands. At its centre there is fixed a gnomon 
with a hole at its bottom. From this pillar at a distance 
of five hands minus four ahgulas there is an enclosing 
(circular) wall. Its height is equal to that of the pillar, 
and its thickness is one hand. From this wall too some- 
what more than 2 hands away towards the outer side, 
there is another enclosing wall. Its height is double 
that of the first one and the breadth is hands. The 
upper sides of both the walls are graduated in directions 
and degrees. On the outer wall there are pivoted iron 
pegs in the four directions. 

The instrument of this type is used to determine the 
azimuth. (For this purpose) a thread is fastened to the 
eastern and western pegs and another to similar pegs 
fixed at the north and the south points. The two 
threads intersect at the centre of the pillar in the middle. 
Then a third thread is fastened tight to the centre at the 
pillar ; the other end of this straightened thread is moved 
in such a way that (i) the planet whose azimuth is to 
be determined and (ii) the intersection of the two 
threads are in line with the third thread as seen by 
placing the eye on the outer edge of the middle wall. 
The azimuth of the planet is given by the degrees on the 
edge of the outer wall from the east or west point up to 
the third thread. 

On all these instruments in general the graduations 
are found erased. Some of the instruments are now 
tilted or broken at places. (SDS) 



9. ill m *H*nf!£>dwi wfi fe^isnf f^rr ^rr^fmrr 

I rRlW f^TT Pb P>^ <Tu <t>^ g«rf $rfw 3rf 

I cT? <^*HH ^d<^M4*d ^ufbd+lfcHT *FFT*T I ckT 

«HHM<^dam<-d>l spin" Mff: "jfe ^rprf l cP3TpT frf 

d^ldl Tferm ^TW^f f# ^Tdfd cT«TT I 

Prfw^ ^qi? I ^ 2T«TT H^Pd *m #ST: 

(Samrat Jagannatha, SiSam., pp. 7-8) 

Aperture gnomon 

On ground, made level by means of water, erect a 
square wall as before, in the direction determined as 
North -South. On the southern side of it, at some point, 
a vertical line is drawn, and at its upper end, a North - 
South line equal to it is drawn. Around their inter- 
section, as centre, a circle is constructed with a width 
somewhat greater than four inches [amsa). Make then 
a circle of plaster adhering to it, exactly four inches 
(angula) in width. This is to be polished, and the 
degrees and minutes marked on it and numbered. 
Make another wall parallel to the first and separated 
from it by two cubits (hasta). Make a circle on this in 
just the same way. At the north end another wall is 
built to cover these two completely, and the south end 
is also so covered. The upper part is then covered by 
boards, etc. At the two southern corners of the two 
walls cut openings at the vertical line, and cover these 
with plates. Along the North-South line, where each 
of these corners is cut, make a fine aperture (in the plate) 
at the vertical line. When this is done the light of the 
Sun falls at Noon, as required. 

In order to use the instrument, a door giving entry is 
made. When at noon, the light of the Sun enters the 
aperture, it is visible each day on the circle, and fixes 
exactly the declination and the latitude. In other 
respects this is to be understood like the Wall Instument 
(bhittiyantra) . The larger the instrument, the more 
precise it is. By foreigners (Muslims) this is called 
Suds al-Fakhri. 

(Raymond Mercier, IJHS 19 (1984) p. 171). 



10. - INSTRUMENTS 



10. 1. 1. WTC^T# fcHMd* 91^1*^4: I 

(Lalla, SiDkVr., 21.53) 

Instruments and their accessories 

The Gola, the Bhagana, the CaAra, the Dhanu, the Gha(i, 
the AmAw, the Sakata, the Aarterf, the Pxtha, the A^/a, 
the &/aA;fi, together with the Tasti, are the twelve 
(astronomical) instruments. (53). (KSS) 

io. l. 2. «m1k 9 W rfroft wr: ^rf^nr i 

(Lalla, &X>AFr., 21-54) 

The hypotenuse (karna), the shadow, the semi- 
duration of the day, (the longitude of) the Sun, the 
latitude (of the place), the plumb, the compass (or the 
revolving machine, bhrama), water, as well as intelligence 
and effort are the accessories required in the use of 
(astronomical) instruments. (54). (KSS) 

io. i. 3. %ft wrrt f^g^njtRr ^n- 

c<HH|t"1 firfSTO 3tf*S(*MI ^Hlfe: II R 1 1 

(Lalia, SiDkVr., 21. 2b) 

A circle is constructed by means of a compass (or a 
circular plate is made by means of a revolving machine), 
and a triangle or quadrilateral by means of hypotenuses 
{karna) ; verticality is achieved by means of a plumb, and 
the ground is levelled by means of Water. (2b). (KSS) 

10. 2. 1. *Fnwr4 *ffar*r I 

qrr^^M^f ^FRcT ^dw ^ 1 1 

" (Aryabhata I, ABh. } 4.22 

Automatically rotating sphere 

The Sphere (Gola-yantra) which is made of wood, 
perfectly spherical, uniformly dense all round but light 
(in weight) should be made to rotate, keeping pace with 
time, with the help of mercury, oil and water, by the 
application of one's own intellect. (KSS) 

io. 2. 2. ^rft ^tf^t ^T^fmt ftwr <nfMr spt:- 



CO 

^ '■^r^^r *T>r^ F^ft ^rf^r rf«ff ^ ^Fsrt 

(Siiryadeva-yajvan, Com. on 4.22: 
Edn. KVS, pp. 143-44) 

Fix two posts on the ground in the North-South 
direction and fix on them the two ends of an iron rod 
(which passes through the centre of an armillary sphere). 
Apply oil to the holes at the north and south poles of the 
sphere (through which the iron rod passes) so that the 
sphere might rotate smoothly. Then, on the ground 
below the west point of the sphere dig a pit and fix in it a 
(narrow) cylinder with a (closed) hole at its lower end 
and as high as the circumference of the sphere. Fill the 
cylinder with Water. Then fix a nail at the west point 
of the sphere and fasten to it one end of a string. Pass 
the string downwards along the equator towards the 
east point. Then stretch it upwards and take it to 
the west point (again). Then attach to the string a 
dry hollow gourd filled with mercury and place it on 
the surface of the water in the cylinder kept filled 
with water. 

Now, open the hole at the bottom of the cylinder. As 
the water flows out, its level falls. Consequently, the 
gourd, weighed down as it is by mercury, (also goes 
down) not leaving (the surface of) the Water, and (the 
string attached to it) pulls the sphere westwards. The 
outflow of water should be regulated, in such a manner 
that in 30 ghatikas (12 hours), half the water in the 
cylinder flows out and the sphere rotates one half. 
Similarly, in the next 30 ghatikas the entire water flows 
out, the gourd reaches the bottom of the cylinder and 
the sphere completes one full rotation. In this manner, 
the sphere could be rotated intelligently keeping pace 
with time. (KVS) 
10. 2. 3. f^^Fn^^^^^ 

*MH« i r<"m *r ^ ii <l ii 
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(Lalla, &Wr., 21. l-2a) 

The armillary sphere, with radius of one's liking, 
having perfect circles, made of light and dry timber, by a 
skilled carpenter who is proficient in the various crafts, 
should be set to rotate uniformly with time, with the help 
of water, oil and mercury, by applying one's intellect. (1) 

A weight which floats for 30 ksanas (=24 hours) in 
mercury, oil or water, rotates it (i.e., the armillary 
sphere) with the help of the three (fluids, mercury, oil 
and water). This is the basic principle of self-rotation. 1 
(2a). (KSS) 

io. 3. i. MfaufkiMW ^ g^fa wrfa i 

(Lalla, SiDhVr., 21. 18-19) 

Self-rotating wheel 

A 'Wheel', made of the timber of Sriparni (the silk- 
cotton tree)* having a hole in the centre, bearing excel- 
lent rim and beautiful nave, and skilfully half-filled with 
mercury in its (curly) spokes, rotates by itself. (18) 

Let the polar axis, which is the same as the axis of 
rotation of the Bhagola, be made the Wheel's axle 
passing through its nave. This being done, the Bhagola 
rotates automatically due to the rotation of the Wheel. 
(19). (KSS) 

10. 4. l. sn^^TOT^i^TW^-R^ ^pwr^fwm 

RT^rf^rt ^l(^l<4>l«rr: 1 1 R 1 1 




1 The method may be stated in full as follows: 

One should fasten one end of a string to the west cardinal point 
of the armillary sphere and carry the string round the armillary 
sphere along the equator (from below). Coming to the west point 
again, he should tie to it a dry gourd containing mercury and throw 
it into the cylindrical basin, full of water, kept below the west point, 
and then open the hole in the bottom of the basin. With the outflow 
of the water, the gourd goes down and the armillary sphere rotates. 
In 24 hours the gourd reaches the bottom of the basin and the 
armillary sphere makes one complete rotation. When necessary, 
one should apply oil to the ends of the axis of the armillary sphere, 
so" that the axis may rotate smoothly. 

The weight of mercury put into the hollow of the dry gourd should 
be so adjusted that the gourd may float on water and, with its motion 
downwards, the armillary sphere may rotate. 



m^oto' cT?r to ?n^r: <H*fi$ fa: n y m 

*«fl^l<l<?K<HSgr: ^T: T^pTT f^TTf^T: I 
3*«l'diWl^l+T ^ ^Fqi^T ^t(t^r II K II 

(Aryabhata, ABh. Siddhdnta Q,By Ramakrsra 
Aradhya in his com. on SuSi) 

Shadow instruments 

According to the astronomical instruments mentioned 
in the Siddhdnta of Aryabhata are indicated (below) 
the verses (34 in number) from the chapter on the 
astronomical instruments, written by him: (First) the 
shadow instruments. 

Construct a perfect circle (samamandalam vrttam) with 
radius equal to 57 angulas, being the number of degrees 
in a radian, and on (the circumference of) it mark the 
360 divisions of degrees. ( 1 ) 

Then construct shadow-instruments (for every day 
of the year) with the help of the R sine of the Sun's 
ascensional difference, the R sine of the Sun's agrd, and 
the nddis of the duration of the day (in the following 
manner) . (2) 

Determine the R sines of the Sun's declination and of 
the Sun's longitude from the samavrttacchdydkarna (i.e., 
the hypotenuse of the shadow of the gnomon when the 
Sun is on the prime vertical) or from the vidik-chdydkarna 
(i.e., the hypotenuse of the shadow when the Sun is in a 
mid-direction) . 

On the perfect circle (drawn above), lay off the 
(Sun's) agrd in its own direction (north or south) in the 
east as well as in the west (and at each place put down 
a point) . Again lay off the (Sun's) agrd corresponding 
to the Sun's ascensional difference in its own direction 
from the centre of the circle. (3) 

With that end of the (Sun's) agrd (as centre), draw 
a circle passing through the (two) points marked on the 
circle: this circle denotes the Sun's diurnal circle. On 
(the southern half of) that circle, put down marks indi- 
cating true ghatis with the help of the corresponding 
positions of the gnomon. (4) 

These ghatis of the day, multiplied by six, are the 
degrees on the diurnal circle. At the two points marked 
at the ends of the Sun's agrd in the east and the west, are 
the positions of the Sun at rising and setting. (5) 



i In each position the gnomon is to be held in such a way that 
the end of the shadow may lie at the centre of the circle. 
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Half of the diurnal circle lying towards the south 
of the rising-setting line (of the Sun) is called the 
southern half of the diurnal circle. (6a) . x (KSS) 

10.5.1. *rf^*T*f cfW ^£ <r zftw I 

H I ^WI^^d^faril^^T^fe|<fld^ II <R M 
ZRT 44*\< ftlc^" ^ *hiR£sFr ^ II II 

q^sMMH g^or ^S3% Tfewt: II ^ II 

qr#rrt^^^^^^^T ii ^3 n 

^^fecf^W ^TS^T5 WOT I 

STARTS* fert l fa^cM^^M^ I 
f^S ^I^HMfMl srfrqTRr cT^tSWT II ^ II 

cTf^Trft ^TRf% ^Pd=M *FTT; II ^ II 

(Aryabhata I, ABLSiddhdnta, Qby Ramakrsna 
Aradhya in his com. on SuSi.) 

Water instruments 

Construct a pillar with an excellent (cylindrical) 
cavity inside. Fill up the cavity with water (and then 
open the hole at the bottom of the pillar so that water 
may flow out). By the time (in ghatis) taken by the 
water to flow out completely, divide the whole length 
of the pillar. From this can (be calculated) the measure 
of an angula (which corresponds to a ghati). (18) 

On the pillar, mark the angulas corresponding to each 
ghatf. The water corresponding to one ghati flowing 



1 The Chaya-yantra thus constructed, was used for determining 
the ghatis and degrees elapsed (since sunrise) at any time of the 
day. For this purpose, one had to find the point where the instan- 
taneous shadow of the gnomon crossed the dirunal circle and to 
read the graduations between that point and the initial point of the 
Sun's agra. One Chaya-yantra served the purpose of giving time 
for one day only. Hence, 365 such instruments were constructed, 
one for each day of the year. Shadow-instruments of the type 
described above are unusual, as they are not found to occur in any 
other work on Indian astronomy. 



out from the hole (at the bottom of the pillar) in the 
level of the ground, completely fills a ghatikd vessel (in 
one ghati), (19) 

This measure of ghatf is the basis (bija) (for the 
determination) of (the height of) the pillar and of (the 
length of) the cord to be used in connection with the 
(time-) instruments. Having tied around the pillar a 
man or a pair of fighting rams of craftsmanship (keeping 
the head of a figure just above the top of the pillar), or 
having surmounted the pillar by the figures of a peacock 
or a monkey, bearing a cavity inside it, thus making the 
whole instrument sixty angulas in height, take a smooth 
fine (cylindrical) needle with its periphery equal to a 
unit of graduation (i.e. one angula) on the instrument, 
and on it wrap a cord of sixty angulas in sixty coils. 
(20-22) 

Place this needle within the head of 'man' passing it 
through the holes of the ears, or, in the case of peacock 
or monkey, support the needle (over the holes) on the 
two sides (of the body). (23) 

Having tied a gourd containing (an appropriate 
quantity of) mercury to the end of the cord wrapped 
around the needle, place it on the water (inside the pillar, 
through the hole) at the top of the man, and then let 
the water flow out through the hole at the anus. (24) 

Similarly, in the case of the peacock or the monkey, 
tying a gourd containing mercury (as before), throw it 
on the water of the pillar through the navel hole and 
release the flow of water. (25) 

An angula of water now flows out in a nddi, as also the 
gourd within the pillar goes down by an angula. The 
cord wrapped around the needle, within the instrument, 
also goes down towards the hole underneath due to the 
pull of the gourd. (26-27) 

At one extremity of the needle, protruding outside 
the instrument, suspend another cord to know the 
nddis elapsed. The number of coils made by this cord 
on the needle will indicate the nddis elapsed. (28). (KSS) 

10. 5. 2, 3R$*iSETftgi qfd+l+MlPgd | 

(Lalla, SiDkV T . 7 2\. 10-11) 

(One should fasten one end of a string to the west 
cardinal point and carry it round the Bhagola along the 
equator from below) . Where the string completes one 
round of the Bhagola, tie to it a (dry hollow) gourd con- 
taining mercury and throw it into the (cylindrical) basin 
of water (kept below the west point), having a hole in 
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the bottom and graduated with the marks of ghalis on the 
basis of the outflow of water. (10) 

As the water flows out (through the hole in the bottom 
of the basin), the gourd, going downwards, rotates the 
Bhagola; and the nadi marks left behind by the water 
denote the ghatis elapsed. (11). (KSS) 

10. 5. 3. qfi+I^M^WJi ftf qfd+i: I 

^OH I ^I^i ^WHT Hlfe<t>i 'Tf^FT II ^ II 
Nara-yantra 

Knowing the number of angulas corresponding to one 
gkati (from the fall in water level as a result of the outflow 
of water in one gkati) insert ghalikd beads at that distance 
in a strip of cloth and keep them in position by applying 
wax (or any other adhesive) and throw it inside the body 
of a human figure with face bent down. (1.2) 

To one end of the cloth -strip tie a string and carry it 
round a rod fitted horizontally within the mouth of the 
man, and take it out through a certain hole in the belly 
of the man. (13) 

Tie to it a dry gourd (containing mercury) (and throw 
it into the basin of water kept underneath, as before). 
As the gourd goes down, the man, pulling the cloth - 
strip, releases a new nadi bead after the lapse of every 
ghafi. (14). (KSS) 

10. 5 4. +*jT<^!m<s| srfofrf ^^J^^mh i 

Ok ^ o 

^[<Mi TC" ^%Wt: II n II 

qPd^l^MlP^d mfa TO: W|TW 1 11^1 1 

iijfafcHfH ^|U*H*H4>lfa Rl^Pd II <|fc II 

(Lalla, &DAFr., 21. 12-17) 

Kurma-Mesa-Mayura-yantra 

The tortoise etc. also, in the same manner, can be 
made to release the ghatikd- (beads) at the desired inter- 
vals of time. Similarly, there occurs a fight between 
two rams (after every ghafi), when they are connected 
by the string (carrying beads) . (15) 

By the proper coordination of time and distance, 
there occurs a union of husband and wife (after every 



gkati), a peacock gradually devours a 'serpent' marked 
with the divisions of angulas denoting ghatis, a 'man' 
beats a drum (after every gkati), and an 'eclipser' 
eclipses the body^ to be eclipsed (after the lapse 
of every gkati). Several other (time-measuring) instru- 
ments like these may be (designed and) constructed. 
(16-17). (KSS) 

diaHldHaR^ri^HW frMM^ II \<\ II 
(Aryabhata I, ABh.Siddhdnta, Q,by Ramakrsna 
Aradhya in his com. on SuSi.) 

Kapala-yantra 

Any copper vessel made according to one's liking 
with a hole in the bottom, which sinks into water 60 
times in a day and night, is the water instrument called 
Kapala. (31). (KSS) 

10. 6. l. frf i^rr w ^r«rr ^ q^rfr I 

rTT^T: ^WTM ^IdlWi: MpMH ^IT?T II R<\ II 
(Lalla, $iDhV T ., 21. 20-21) 

Gakra-yantra (Circle instrument) 

Take a circular board, graduate it with the 360 
divisions (of degrees) as well as the 60 divisions (of 
ghatis) , fix a vertical needle at its centre and set it up 
in such a way in that the Sun may lie centrally in its 
plane. (20) 

Then the Signs etc. left behind (since sunrise) by the 
shadow of the vertical needle denote the Signs etc. by 
which the Sun has ascended (above the horizon) . The 
nddis left behind denote the nddis elapsed since sunrise, 
provided the Sun is in the eastern hemisphere. When 
the Sun is in the western hemisphere, the nddis thus 
obtained should be subtracted from half the duration 
of the day (to get the nddis to elapse before sunset). 1 
(21). (KSS) 



1 This rule is true for places on the equator only. At other 

places, it will give the Sun's altitude and the ghafis corresponding 

to it. There are reasons to believe that observation was made at a 

place away from the equator, since sunrise was deduced from the 

Sun's altitude by applying the following formula : 

semi-duration of day X Sun's altitude 

nddis elapsed — — - — ; — ~ — 

Sun s meridian altitude 

Brahmagupta has criticised the astronomers who used this formula. 

See BrSpSi, 22.11. 
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10.7.1. q^P+N snrt^TTrf^- 1 

d fed UN ftOTW^ ^T^STTTT: WR^W 

(LaAla* SiDhVf., 21.22-23) 

Dhanur-yantra (Semi-circle instrument) 

What has been described above is the Cakra-yantra, 
half of which is called Dhanuryantra ('Semi-circle'). 
This latter instrument should be held (with its chord 
horizontal) in such a way that a ray of the Sun passing 
through the hole in the middle of the chord may fall on 
the arc. (22) 

Then the nadis left behind by the shadow of the central 
needle, as measured from the arc-end, denote the nadis 
elapsed during the day (since sunrise), and the signs 
and degrees left behind denote the signs and degrees 
by which the Sun has (ascended above the horizon). 
(23). (KSS) 

io. 7. 2. ^TMitf l snprf ^tk s*mrrtf ?m: src: 1 1 \ 1 1 
srmsr^rf^ n V9 n 

(Aryabhata I, ABh.Siddhanta, Q, by Ramakrsna 

in his com. on SuSi.) 

The chord of the Dhanuryantra is equal to the diameter 
of the circle (i.e., the perfect circle), and its arrow is 
equal to the radius. It is mounted on the circle verti- 
cally with the two ends of its arc coinciding with the 
east and west points. (6 b) 

The eastern end of the Dhanuryantra should be moved 
along (the circumference of) the circle until the dhanur- 
yantra is towards the Sun. 1 The shadow of the gnomon 
will then fall along the chord of the Dhanuryantra, and 
(the shadow-end being at the centre of the circle) the 
distance of the gnomon, as measured from the centre of 
the circle, will always be equal to the shadow at the 
desired time. 2 (7) 

The degrees intervening between the (eastern) end 
of the Dhanuryantra and the rising point of the Sun 
divided by six, give, the ghatis elapsed in the day. 
(8a). (KSS) 



1 The Dhanuryantra resembles a semi-circular arc. It is held 
vertically with the two ends of its arc coinciding with the east and 
west points of the circle drawn on the ground. 

2 The gnomon is represented in this case by means of a cord 
suspended from the Sun's position on the arc of the Dhanuryantra. 



10. 8. 1. *PTH«llH <+}cTcT f^TT SRftf °bd0iJ^H I 

(Lalla, A'DAFr., 21.24) 

Kartarl-yantra (Scissors instrument) 

When the {Dhanur-yantra) is permanently fixed in the 
plane of the equator (forming the lower half of the 
equator) (and a needle pointing towards the north pole 
is fixed at the middle of the chord), it is known as 
Kartari-yantra. In this case, the ghatis left behind by the 
shadow of the needle fixed at the middle of the chord 
denote the ghatis elapsed since sunrise. (24). (KSS) 

10, 9.1. I^cf|«4f*MI+ f^f ^TRT I 

3H*fT: fffiT srf^FT *T^f% TOT: I 

tflHI+T^^KilWmUl+IMlfr II R% II 

(Lalla, SiDhVr., 21.25-26) 

Kapala-y antra and Pitha-yantra 

This very Kartari-yantra, with its dial set horizontally 
on the ground, and its needle vertical, is called Kapala- 
yantra; and the Cakra-yantra, with its dial having the 
directions marked in its rim, and set on the ground with 
its axis vertical, is called Pitha-yantra. (25) 

In the case of these two instruments, the ghatis left 
behind up to the west point by the shadow of the needle 
denote the ghatis elapsed. Moreover, in the case of the 
Pitha-yantra, the degrees on the rim from the point where 
the Sun is observed at sunrise (up to the east point) 
give (the degrees of) the Sun's agra. (26). (KSS) 

10. 10. 1. Hrcf^<l«^RlHir^<M^lUlvrl: I 

WcWfciW f^TT cf^r: II R* II 

qf^R < | i* ll 4«fod*M 2T«TT Wmt TOR? I 

(Lalla, SiDhVr., 21. 27-29) 

Bhagana-yantra 

On the rim of the circular plate of the Cakra-yantra, 
mark the Sign segments, large or small, as the case may 
be, depending on the time-degrees obtained by dividing 
the vinddis of the oblique ascensions of the Signs by 10, 
and also graduate each Sign segment with the divisions 
of degrees. (27) 
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Keep it horizontally on well levelled ground in open 
space and fix a vertical needle at its centre. Then hold 
the yantra in the equatorial plane with its needle pointing 
to the north pole in such a way that at sunrise the Sun 
is in the seventh Sign (just 6 Signs ahead of its actual 
position) (so that the shadow of the needle is directed 
towards the Sun's position at sunrise). Then the 
degrees left behind by the shadow of the needle on the 
Bhagana-yantra will denote the degrees traversed by the 
Sun since sunrise. (28-29) . (KSS) 

10. 11. 1. frf crrsm THtT +k3^iPt: q^: I 

^refr firerret smihh ii ^£ n 

(Aryabhata I, ABkSiddhanta, Q,by Ramakrsna 
Aradhya in his com. on SuSi) 

Clepsydra 

One should get a hemispherical bowl made of copper, 
10 palas in weight, six ahgulas in height, and twelve 
ahgulas in diameter at the top. At the bottom thereof, 
let a hole be made by a needle eight ahgulas in length 
and one pala in weight. 

This is the ghatika-y antra, (so named) because it is 
filled by water in a period of 60 palas (i.e., one ghati). 
(29-30). (KSS) 

10. ii. 2, ^rfw: spr^r <m: ^Rrrwftr^ srfor*T i 
^ i j*j<sM i q' uwfd ^tWhh ii ii 

^fefWf fa^RT^UI^Hm II ^ M 

(UAhi, SiDhVr., 21. 34-37) 

The Ghatikd vessel, looking like one-half of a (spherical 
waterpot called) kalasa, made of ten palas of copper, 
half a hand in diameter at the top and half as high, and 
having a hole bored (at the bottom) by a uniformly 
circular needle of 4 ahgulas in length made of three and 
one third masas of gold, sinks into limpid water exactly 
in one nddi. (34-35) 

Or, it is a vessel made according to one's liking (with 
a hole in the bottom) later adjusted by the measure of 
a ghati. 



Or, it is a vessel having a finger -wide hole (in the 
bottom) and of size determined by proportion in such a 
way that it may sink (in water) as many times in a day 
as there ate ghatis in a day. 

A ghati is also equal to 360 asus, each asu (being equal 
to the time of pronunciation) of 20 short syllables (or 
10 long syllables). (36-37). (KSS) 

io. ii. 3. irer ferqpmT: MqiumEwfir: i 

(Lallz., SiDhVr., 21.30) 

Graduation of a clepsydra 

The ghatis elapsed during the day (since sunrise) as 
indicated by the instrument (used), when multiplied by 
the actual measure of the day and divided by the number 
of ghatis in a day as adopted in the graduation of the 
instrument, give the true ghatis elapsed since suprise. 
Otherwise, they are gross. 1 (30). (KSS) 

io. 12. l. wrfirar: ppmWsrRi^ t wrsm: 1 

^tTO u l <l r^ T^reraT ^ *Wd<H: 3T3?f : II 
^strt: sr#T ^ TO 1 1 

tem i iiw^ wrft ^ff ^tcT firqr ; n 33 n 

(Lai la, SiDhVr., 21. 31-33) 

Gnomon and orientation 

The gnomon, constructed with the help of the 
revolving machine, having equal periphery at the top 
and bottom, made of very heavy and strong timber, 
perfectly straight and free from scars, streaks and spots, 
uniformly circular, six ahgulas in circumference and 
twelve ahgulas in height, should be set up on a (horizon- 
tal) board, (already) levelled by means of water, in the 
vertical direction with the help of four plumbs. (31 -32) 

The shadow of this (cylindrical gnomon), resembling 
the tail of a cow, should be observed outside the circular 
base and should be measured from (the circular base 
at) the centre. From the tip of the shadow up to the 
(upper) end of the gnomon lies obliquely the hypotenuse 
(of the shadow). (33). (KSS) 



1 For graduating the ghati divisions in the instrument, it is generally 
assumed that there are 60 ghatis i n a day. Actually, it is not exactly 
the case. Hence the above rule. Sripati, too, gives this rule. 
See Si&., 19. 17. 
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10. 12. 2. fiwId^iHtfRli •MvWsfa SFT I 

rRT^ ^mij^^J ^f?Hd6l<^II^M^ I 

cpwrra **rihrer ^RT^ft: w R \\ 

cF*T?2T fcflW ^rfsqr ^OTTtKT II 3 II 

fe^TUI^c^M: WTSqT ftft9R^W ff II Y 11 
^5T«f «rff[: f^f^t^lf^Pl'Tt: I 

Wi^wci ^fe^nrnrcr: u y. w 

^qTJ^f ^ f^j^n^^f MpvtW^ it % II 

(ifflSi., 3. 1-6) 

On a stony surface, made water-level, or upon hard 
plaster, made level, there draw an even circle, of a 
radius equal to any required number of the digits 
(angula) of the gnomon {sanku). (1) 

At its centre, set up the gnomon of twelve digits of the 
measure fixed upon; and where the extremity of its 
shadow touches the circle in the former and later parts 
of the day, (2) 

There fixing two points upon the circle, and calling 
them the forenoon and afternoon points, draw midway 
between them, by means of a fish -figure (timi), a north 
and south line. (3) 

Midway between the north and south directions draw, 
by a fish figure, an east and West line : and in like manner 
also, by fish-figures {matsya) between the four cardinal 
directions, draw the intermediate directions. (4) 

Draw a circumscribing square, by means of the lines 
going out from the centre; by the digits of its base-line 
{bhujasutra) projected upon that is any given shadow 
reckoned. (5) 

The east and west line is called the prime vertical 
(samamandala) ; it is likewise denominated as the east 
and west hour circle (unmandala) and equinoctial circle 
(vifuvanmandala) - 1 (6) (Burgess) 

fad MM 

10. 12. 3. A!r^u||cHcTTf^T ^ Pljpft ^IHU^T- 

ozmf <Jxtd< ^O^^JHIill+K-Hl^eMM'd IH II 
1 For elucidation see, Su.Si: Burgess, pp. 108-1 1 - 



d^^HlP^d^^ ^^TTRnTPPR tlYII 
(Nilakantha, Manusydlayacandrikd, 2. 1-4) 

The Cardinal directions 

The expert (astronomer) should first level the ground 
perfectly by means of levelling instruments or water. 
He should then pick up a gnomon, cylindrical, made of 
hard (wood), 12 digits in length, two digits in diameter 
at the bottom, tapering to a diameter of one inch towards 
the top, the tip, however, being trimmed to a point like 
a rose bud. (1) 

He should, then, draw (on the levelled ground) a 
perfect circle with a string of twice the length of the 
gnomon . The centre of the circle should be correctly 
identified and the gnomon planted there, firmly. (2) 

With a concentrated mind, he should, in the forenoon, 
mark the shadow of the tip of the shadow of the gnomon 
as it reaches the circumference of the circle (in the west). 
He should mark the circle, in the same manner, (in the 
east), in the afternoon. Another mark should be made 
(in the west) (in the same manner) next day forenoon 
also. The first day's mark should be brought towards 
the second day's mark by a third of the distance between 
the two marks; then that will be the correct point (in the 
west). (3) 

When markings have been done correctly as above for 
the previous and current days, the line joining the two 
points would be the exact East- West line. (The North - 
South lines should be drawn by constructing a fish- 
figure from the east-west points on the circumference). 
(4). (KVS) 

io. 12. 4. sr*mPr ^# 5iffw^«f wr *H\nd i 

yfaifl^Qfd sfjgpft ^iPd^l'ld tabs Wmi«5 IRII 

+WIc|4^<^lKH<^l^ feft W: II 3 It 
^rf yfafcd 5PRT *TRT I 

^h^h <*\ \ flr w ot": ^rr?r 1 1 v 1 1 

^mi^*V1<P^dPd*H^ 5CT I 
W^HTT dM^T<HI ^tfe: tl % II 
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HdlWlRl +Ph>K SRT: ^f^tt Rm1<w ^rrRr I 
^W^T^ftfeft WW^T 11 \ II 

m*2TT ^M^fM ^RTT *TPRT ^f^^TFT II ^ II 

%t ^ ^T^mTT ^fdd^ J^rftsrf^ f^FWT II £11 

^lUl^^ i ^ TT ^^ir^M ^ f^TTcft II V || 
^$M^l u H^lfcaNI4*lfr^d l ^ ^T: I 

4»ui»d4Tirf$fa Erafter w sptt 1 1 <n n 

(Vatesvara, VSL, 3. 1. 2-11) 
Methods for cardinal directions 

Method 1 

(The points) where the shadow of the (vertical) 
gnomon, set up at the centre of a circle drawn on level 
ground, enters into (the circle in the forenoon) and 
passes out (of the circle in the afternoon), give (respec- 
tively) the West and east directions (with respect to each 
other), when due allowance is made for the variation 
of the Sun's declination. (2) 

Method 2 

Or, put down points at the extremities of two equal 
shadows, one (in the forenoon) when the Sun is in the 
eastern half of the celestial sphere and the other (in the 
afternoon) when the Sun is in the western half of the 
celestial sphere. These, too, give (respectively) the 
west and east directions, provided due allowance is made 
for the change in the (Sun's) declination. (3) 

Method 3 

When the Sun enters the circle called the prime 
vertical, the shadow (of a vertical gnomon) falls exactly 
east to west. Towards the north pole lies the north 
direction. (4) 

Method 4 

As long as the shadow (of a vertical gnomon), for the 
desired time, is equal (in magnitude and direction) to the 
hypotenuse of the right-angled (shadow) triangle formed 
by that shadow and the bhuja (base) and kofi (upright) 
for that shadow, so long is the koti (upright) directed 
east to west. (5) 

Method 5 

(The points of the horizon), where any heavenly body, 
with zero declination, rises and sets, are (respectively) 
the east and west directions (relative to the observer). (6) 



Method 6 : Ancient method 

(The point of the horizon) where the star RevatI 
(Zeta Piscium) or Sravana (Altair or Alpha Aquilae) 
rises is the east direction. Or, as stated by the learned, 
it is roughly that point (of the horizon) which lies mid- 
way between the points of rising of Gitra (Spica) and 
Svati (Arcturus). (7) 

Method 7 

The junction of the two threads which passes through 
the two fish-figures which are constructed with the 
extremities of three shadows (taken two at a time) as 
centre, is the south or north relative to the foot of the 
gnomon, according as the Sun is in the northern or 
southern hemisphere. (8) 

Wth the junction of the (two) threads as centre, 
draw a circle passing through the extremities of the 
three shadows. (The tip of) the shadow (of the gnomon) 
does not leave this circle in the same way as a lady born 
in a noble family does not discard the customs- and 
traditions of the family. (9) 

Method 8 

The midday shadow of the gnomon lies on the north - 
south line between the circle (denoting the locus of the 
shadow-tip) and (the foot of) the gnomon (situated at 
the centre). When the Sun is at the first point of Aries 
or Libra, the equinoctial midday shadow, too, lies south 
to north. (10) 

Hypotenuse of Shadow 

The square-root of the sum of the squares of the 
length of the gnomon and the length of the shadow is the 
hypotenuse of shadow. The square-root of the difference 
between the squares of the hypotenuse of shadow and 
the gnomon is (the length of) the shadow. (11) (KSS) 

io. 12. 5. toi^ir^m^H^i^^^i^i f^^n^i^^ 

M*HK fa«-g*HH <°^Hd: WIW %TO, 
FT^T ^TrWTOSW^RWRT MlTH^^IK^d 1 1 
(Sripati, 4. 3) 

Accurate [determination of the cardinal directions 

The result obtained by the difference between the 
sines of the declinations of the Sun between the moments 
when the gnomonic shadow equals the radius of the 
circle drawn with the foot of the gnomon as centre and 
any arbitrary radius, multiplied by the chaya-karna 
(shadow-hypotenuse) of those moments and divided by 
cos <f> (which difference is in angulas, the gnomon's height 
being 12 angulas) is the amount by which the western 
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point where the shadow crosses the circle is to be shifted 
in the opposite direction of the Sun's motion in decli- 
nation. Then we have the true East-West line. (The 
North-South line is drawn therefrom by means of a 
fish-figure.) (3). (AS) 

10. 13. 1. fd^ l ^hrti WT^t fTc^T ^h<\ fafa«WNd I 

d^l^Vl+H* f^TT ^ff ^T^T^ft: II 1 1 

(Lalla, -ftZMFr, 21. 38-41) 
Salaka-yantra (Needle instrument) 

Agra 

Having made a needle of as many angulas as there are 
(minutes) in the radius, stretch it from east to west ; and 
at its (western) end, at right angles to it, lay off another 
needle of arbitrary length such that an observer, with 
his eye at the tip of it and his line of sight passing through 
the other end of (the former needle equal to) the radius, 
sees a planet exactly on the horizon. Then that (latter 
needle) is the agra (of that planet) . (38-39) 

Angular distance between two planets 

Observe one planet in the direction of (the needle 
equal) to the radius, and another planet from the tip of 
the vertical needle. Then the square root of the squares 
of the two (needles), which is really equal to the radius, 
is the hypotenuse (of the needle-triangle) . (40) 

Of the two needles, the (latter) vertical needle stands 
directed north-to-south; the other one, east to west. 
(The degrees) corresponding to that (vertical needle) 
should be known as the degrees between the two planets, 
as situated at the time of observation. (41) (KSS) 

10. 14. 1. q-^jy^mfol W^JWR ^R#HT ¥MI+I I 

^T^RW^TT ddl^ldld TI*T II V{ II 

(Lalla, &D/*Fr., 21. 52) 

Sakafa-yantra (Cart instrument) 

The Sakata-yantra, of which one tube is directed 
towards the position of the gnomon in the circle denoting 
its path and the other towards the Sun in its diurnal 
circle, enables one to know the signs etc. of the Sun's 
altitude. (52). (KSS) 



10. 14. 2. ¥l+dl*Rwf*d*TT fcST TfwtcPT cK«M*i I 
WIWT^ ^tT ^T^T *MST% PTR" II II 

8M<*Hq>Hfrl l f? ^4<I^Hir^lt><R^i : I 
RrspT: Wf: f^T WT[: <w ^mfir II || 

W^Mfrd^ri MHHUdtH l fH II YY || 

WA\4t\ f^Toq^T f^Wn^t f^TT n y^ n 

m\ v i ^to^jdH i <-d <R-«r?rr «u*d±K'idi *rprr: 1 
+Mimi: ^r^fdT wfcr ^Pd+i fcm mr: 1 1 

(Lalla, &7Wr., 2 1.42-47) 

(Tithi From Observation) 

(Construct a circle on level ground and graduate its 
circumference with the 360 divisions of degrees). 
Then, having made the observation of the Sun and 
the Moon through the V-shaped (lit. cart-shaped) 
tubes, (the Sun through one tube and the Moon 
through the other), place the tubes (on the ground) 
with their tips on the circumference of the circle 
graduated with the 360 divisions of degrees (and the 
common end of the tubes at the centre of the circle), 
and show by means of points the places (where the tips 
fall). (42) 

The degrees between these (two points) are the 
degrees between the Sun and the Moon. These, 
when divided by 12, give the tithis elapsed in the light 
half of the month, or the tithis to elapse in the dark 
half of the month. (43) 

Time from Observation 

(Severally) multiply the R sines of the (Sun's 
meridian) zenith distance and agra by 60 and divide 
(each product) by the radius. Lay them off, in their 
own directions, in a circle drawn (on level ground) 
with 60 angulas as radius (and having the directions 
marked in it), the former from the centre and the latter 
from the east as well as the west points. And, through 
the three points (thus obtained) draw, as before, the 
circle denoting the path of the gnomon. By laying off 
the same in the contrary directions, one may draw the 
circle (denoting the path of the tip) of the shadow (of the 
gnomon). (44-45) 

Beginning with the end of the agra (laid off in the east) , 
graduate the circle denoting the path of the gnomon with 
the (appropriate) Signs by means of the degrees of time 
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(of their oblique ascension) . And then set up a gnomon 
(on that circle) in such a way that the tip of the shadow 
may fall at the centre. (46) 

Then the degrees of time lying from the end of the 
agra (in the east) up to the foot of the gnomon are the 
degrees of time of the (Sun's) ascension. These degrees 
of time divided by six, are the ghatis elapsed in the day 
(since sunrise) . (47). (KSS) 

10. 15. 1. ? tMKKH 4 P*d i « 1 1 *4 h <Hp-HdT 11*11 

W^^HTOT: ^¥fq"^rf^TT Ten": 1 
(Aryabhata I, ABh.Siddhdnta, Qby Ramakrsna 
Aradhya in his com on SuSi.) 

Yasti-yantra (The graduated tube) 

The Yasti-yantra 1 which is equal in length to the semi- 
diameter of the (perfect) circle, with as many gradua- 
tions of angulas as there are degrees in a radian (i.e. 57), 
should be held at the centre of the circle towards 
the Sun. The yasti then denotes the hypotenuse, its 
elevation denotes the gnomon, and the distance from 
the foot of the gnomon up to the centre of the circle 
always denotes the shadow (of the gnomon.) The 
degrees intervening between the end of the yasti and 
the rising point of the Sun, divided by six, give the 
ghatis elapsed in the day. (8b-10a). (KSS) 

1~15.2. to^r^dw zrfeferm Wr^rr i 

rr^r: m i *hm : m^T: ^trt sftsfa ^t#=T II W II 
(laHa, 9 $iDkV r ., 21. 48-51) 

Altitude, Z enith Distance and Baku. Hold the Yasti, equal 
to the radius (of the circle drawn on level ground), 
with its lower end at the centre (of the circle), in such a 
way that it may not cast any shadow (on the ground). 
Then the degrees in the arc corresponding to the per- 
pendicular dropped on the ground from the other end) 
of it are the degrees of the (Sun's) altitude. (48) 

The Yasti, equal to the radius, is the hypotenuse; the 
perpendicular (dropped on the ground from the upper 
end of the Yasti) is the (great) gnomon (i.e., the R sine 



1 The Yafti-yantra resembles a cylindrical stick. 



of the 'Sun's altitude); the square root of the difference 
of their squares is the (great) shadow, i.e., the R sine of 
the (Sun's) zenith distance; and the distance between 
the east-west line and the foot of the perpendicular is 
the bdhu. (49) 

Equinoctial midday shadow. Multiply the distance 
between the rising-setting line (lit. the line joining the 
ends of the agras laid off in the east and west) and the 
gnomon by 12 and divide by the perpendicular dropped 
from the tip of the Yasti. This is how the equinoctial 
midday shadow is obtained from the perpendicular 
dropped from the tip of the Yasti. (50) 

Distance between two planets and their longitudes. Determine 
the distance between the two planets with the help of 
the gnomon or the Yasti, like that between the Sun and 
the Moon. This added to (the longitude of) the west- 
ward planet gives (the longitude of) the eastward planet 
and the same subtracted from the latter gives the former. 
(51). (KSS) 

io. 16. i. «frld^iii^ wfeflii front TO 

Q^Mii ili*H^H3fafafcdH II ^ II 

snrfir ^ farmer: II II 

(LaUa 9 ^tDAFr.,4. 47-48) 

Nalaka instrument 

(In the chdyavrtta or a circle with the shadow as radius, 
mark the north -south and east-west lines. From their 
point of intersection along the east-west line measure 
off the koti of the shadow cast by the planet at the time 
of observation. If the planet is in the eastern hemi- 
sphere, the koti must be marked to the west; but to the 
east, if the planet is in the western hemisphere) . At the 
extremity of the koti draw the bhuja in its own direction. 
Place a bamboo joining the extremity of the bhuja to the 
centre, (to represent the shadow) . Connect the point of 
intersection of the bhuja and the shadow to the top of the 
gnomon by a bamboo. Then, the planet will be visible 
along this line on the top of the gnomon (after fixing 
the nalaka instrument) . 

Then, at the end, fix the nalakayantra on two bamboo 
sticks, so that it (i.e., its hollow) is in the same direction 
as the joining line, and its height is that of the observer's 
eye. Now, the observer shall look through the instru- 
ment and he will see in the sky the eclipse, the rising 
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Moon or the planet. The reverse process must be 
followed for visibility in water. (47-48). 1 (KSS) 

io. 16. 2. fasrnr fc% m^^m 

for: ^fd<d: R^TT I 

cpf^qftwr^l^T 11 n 
cr«br ?TFff *w+r fwlwt 

fsFg^W gfcr^T II II 

(Bhaskara II, <Si.fi., 1. 3. 105-8) 

On a horizontal plane mark a point and through it 
draw the east-west line and also the north-south; if the 
planet is in the east, mark off the computed koti of the 
shadow towards the east-west line ; if the planet is in 
the western hemisphere, make this koti towards the 
east. (105) 

From the extremity of the koti mark the computed 
bhuja perpendicular to the east-west line and draw the 
computed shadow from the point so as to form a right 
angled triangle with the bhuja and koti. Extend a thread 
from the point of intersection of the bhuja and shadow to 
meet the gnomon's tip so as to form the chayakarna or 
the hypotenuse of the right angled triangle of which the 
other sides are the gnomon and the shadow. (106) 

Along this thread place the Nalaka so that the lower 
extremity of the Nalaka coincides with the eye. Seeing 
through the Nalaka, the planet is to be seen. I shall 
state how the planet could be seen in water as well. 1 (107) 

Place the Sanku at the point of intersection of the 
bhuja and shadow and holding the Nalaka along the 
joint of the tip of the Sanku and the point, the planet 



1 The Nalaka is a simple tube formed generally of bamboo. The 
nuroose of this is to verify the correctness of the computation of the 
shadow and its bhuja. If the computation is wrong the planet will 
not be seen in that direction. It might be asked how the shadow 
and bhuja are pertinent with respect to a planet whose shadow cannot 
be observed as that of the Sun. It must be noted the computation 
of the shadow and bhuja are made similar to that of the Sun, knowing 
the declination etc. as in the case of the Sun. The computation 
does not depend on the observation of the actual shadow By 
computing the magnitudes of the bhuja and hop, the direction of the 
chayakarna points to the planet in the sky. 



can be seen in a basin of water placed at the point. 
(108). (AS) 

10. 17. 1. #^H I 4> l ft T: fc^T W^IWIT I 

^ cj^T&T &xm$ *r: I 

h 1^) <i9K<?f sqwrsr m^r*TT|pra it n 

i ^NI+MimcW: ft«mi: II <\\ 11 




IWSTT '^PfRf^ft fcTT WTI : 1 1 
(Aryabhata I, ABh.Siddhdnta, Q,by Ramakrsna 
Aradhya in his com. on SuSi) 

Chatra-yantra (Umbrella instrument) 

Construct a Chatra-yantra (an instrument resembling 
an umbrella) by bamboo-needles, mark (the circum- 
ference of) it with the 360 divisions of degrees, and set 
it at the centre of the (perfect) circle. Or, treat the 
perfect circle itself as the Chatra-yantra. (13) 

The rod of the Chatra-yantra, in the middle of it, equal 
to the radius, is the gnomon; the northern half of the 
diurnal circle drawn through the end-points of the 
(Sun's) agra, laid off in the contrary direction (in the 
west and the east), is the so called 'path of shadow'. 1 (14) 

The nadis of the day, multiplied by six, are the degrees 
in (the diurnal circle lying in) the north half of the 
Chatra-yantra. Towards the end-points of the (Sun's) 
agra, in the west and the east the shadow falls at sunrise 
and sunset, respectively. ( 1 5) 

The end (of the Sun's agra) in the west is (therefore) 
called the 'setting point (asta)\ and the end (of the 
Sun's) agra in the east the Vising point (udaya) 1 . From the 
'setting point' to the 'rising point' (on the northern half 
of the diurnal circle) lie (the graduation of) the degrees 
of time in a Chatra-yantra. (16) 

The shadow cast by the gnomon, situated in the 
middle of the chatra, is always the shadow at the desired 
time. The degrees (on the diurnal circle) intervening 
between the end of the shadow and the 'setting point', 
divided by six, give the nadis elapsed in the day. (17) 
(KSS) 



1 In fact, this is not the path of shadow. 
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10.I8.1. ^v^z 'otst'^Pi^ 

fc3T ^rf <tfoft d<^H I 
TM^^ft 1? ^ u «<mPi II ^3 II 

'for'^ft 'f^T^ ^RTf^ Tfe: 

^TT Mf^ l ^i ^fTlTcT 5R^TT II II 

ftpjf ^ ^HMPd+l FT%T ^nWRTT: IR^ II 
(Bhaskara II, Si% 2. 10. 18-26) 

Phalaka-yantra 1 

Prepare a rectangular plate, either of metal or of 
wood, having a breadth of 90" and length double thereof, 



(i.e. 180"). Mark the midpoint (M) of the plate 
at a longer side wherefrom it can be hung with a 
chain in the plane of a vertical. Draw a perpendicular 
through the midpoint (M) downwards, to be called 
lamba-rekkd. (18) 

Divide this perpendicular into 90 equal parts, one 
angula each, and draw thin parallels through the divi- 
sions, to be called jya-rekhas (or jiva-rekhas) . Below the 
midpoint (M), at distance of 30" make a small hole and 
insert into it a peg, to be called aksa } of an arbitrary 
length (whose shadow will be cast on the plate. Let the 
hole be called O.) (19-20) 

With O as centre and with diameter 60" (i.e. 
radius 30"), draw a circle. Let the circle be graduated 
into 60 ghatis and 360 degrees, each degree being 
divided into 10 equal parts to be called ambupalas (or 
vighatis)- (21) 

Hang a thin slice (of copper or bamboo) of length 60", 
divided into 60 equal parts from O (along the vertical 
line ON. (The breadth of this at O shall be J" and 
at N be 1", so that) it will be in the form of an axe. 
Make a small hole in this slice (at N) . (22) 

Since the rough earn derived from the said divisions is 
in palas, that divided by 19 would give Sine cara> (22b) 
The segments 4, 11, 17, 18, 13 and 5 being multiplied 
by the hypotenuse of the shadow, K, (K 2 -=S 2 +12 2 
being the shadow), and divided by 12, will give the res- 
pective segments at the local place for arcs of 15°, (so 
that there would be six segments for 90°) . (23) 

From these obtain the bhuja of the longitude of the 
sayana Sun and divide by 60 and add the hypotenuse of 
the local shadow (K of verse 23 above). Multiply the 
sum by 10 and divide by 4, the result being called the 
yasti in angulas. This yasti is to be hung from the 
midpoint (O, along ON). (24) 

When a Phalaka-yantra is held in the plane of the 
Sun's vertical, the point where the shadow cast by the 
aksa (at O) on the circle (O) is to be taken as the point 
representing the Sun. (25) 

Now, place the pattika, i.e. the slice hanging from O, 
on that point. Note the distance between the mark, as 
said before, on the pattika, by laying off the yasti. Mark 



*The Phalaka-yantra is a versatile instrument which enables one 
to J^tfJronornic,l time by noting the length of ^-hadow 
of the Sun and also other astronomical measures like Hfti, Antya, 
etc It can be used in respect of planets and stars as well. 



i This is so since for 1* of equinoctial shadow, the so-called . cara- 
? c Ire 10 8 3/10 taking the latitude to be that of U jam 
SC f m ^ th ^ Luinc^tial shadow is 4-30. The ^-segments for 
fflti^c^^«, 36 and 15, the ^-segments for any other 
ntL bdng derived from these. This earn is generally expressed 

K^^i? t K^^t^ H^elSowS 

^^^^^^^^^ 

^^^^T^\% approximate Hem* the rule 

given here. 
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off the carajya above that mark when the Sun has nor- 
thern declination, or below otherwise. Then, the dis- 
tance from the point where the parallel line (lengthwise) 
meets the circle to the parallel line through O gives the 
hour angle in ghatis. (26). (AS) 

10. 19. i. firRn^ftw fcnn? 

^-#cf dKlil^T: || || 

(Aryabhata I, ABh., 4. 48) 

Observation of planets with instruments 

The Sun is determined from the conjunction of the 
Earth and the Sun, the Moon from the conjunction 
of the Sun and the Moon, and all the other planets 
from the conjunctions of the planets and the Moon. 
(48). (KSS) 

10. 19. 2, tffalW 

jprfer tow fidfeP^Mim i 

fasarrsfsf <Tf^MH*HI$?TRTTT II K\ N 

3T^w^ttT^fi W <rfoft wT^rfenS" 1 1 ^ 1 1 

fWT m^HH^HI sfSTW ^)yA>^I II ^ II 
^OTTf^TWt ^RT ^TT ^fir ^l^d : I 
^ fd^K%1 l °hrl< T 3^ r^T II U II 

w# <jt: i 

Hlfe+lfav^i^ nrqri: II S° M 

^rf^rf^r fpj^ m: i 

^TTrRKf^t: *Jt: II ^ II 

?rriw ^wf^mW it ^ u 

(Bhaskara I, MBk., 3. 56-62) 

Sun's agra etc. by observation 

One should erect a (circular) platform, as high as one's 
neck, with its floor in the same level, and its circum- 
ference graduated with the divisions of Signs, degrees, 



etc., and bearing the marks of the directions. (Then 
standing) on the western side thereof, one, having undis- 
turbed of mind, should, with the line of sight passing 
through the centre of the circular base, make the obser- 
vation of the Sun when (at sunrise) it appears as if 
clinging to the circumference, (and mark there a point). 

The (actual) distance, measured along the 
circumference graduated with the marks of degrees, 
between the end of the line drawn eastwards (i.e., the 
east point) and the point where the Sun is observed is 
the arc of the Sun's agra. The R sine of that (arc) is 
(the R sine of) the Sun's agra. The minutes of the 
difference between that (R sine of the Sun's agra) and 
the R sine of the Sun's meridian zenith distance are the 
minutes of the sankvagra, provided that the Sun is in the 
southern hemisphere; when the Sun is in the northern 
hemisphere (and the shadow of the gnomon falls towards 
the north), the process is otherwise (i.e.. the addition of 
the two). 

When, however, (the Sun being in the northern 
hemisphere), the shadow (of the gnomon) due to the 
Sun falls towards the souths the Sun's agra minus the 
R sine of the Sun's meridian zenith distance is stated 
to be (the value of) the sankvagra. From that (sankvagra) 
determine the true value of the equinoctial midday 
shadow (of the gnomon), and then calculate as before 
the latitude and colatitude (for the place), (56-60a) 

Longitude of an unknown planet 

Having correctly ascertained in terms of nadikas (i.e., 
ghatis) the difference between (the times of rising or 
setting of) the planets known and to be known, multiply 
those ghatis by six. Thus are obtained the degrees (of 
the difference between the longitudes of the two planets). 
By those degrees diminish or increase the longitude of 
the known planet according as it is to the east or west 
of the planet to be known. This is stated by the learned 
people well versed in planetary motions (to be the 
method for getting the longitude of the planet to be 
known). (60b-61) 

Longitudes of the prominent stars of the naksatras 

In this way from (the known longitudes of) the planets 
or stars, have been determined, at all places and at all 
times, the celestial longitudes of the (prominent) stars 
of the naksatras. (62). (KSS) 

io. 19. 3. *rfcr#r *t*t fr^T 5^ ^RTfer 1 
^finui+ld-Mi sr^j ^rasrfw sq^n^r 11 30 11 
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f^W^T *PrT: ferret ^f^T W*T*T I 

(Varaha, PS, 13. 30-34) 

Method of observation 

Take a plank, with its surface plane, as verified by 
dropping water on it. Set it so as to have its surface 
horizontal and level with the eye, and its parallel sides 
north-south and east-west. At the southern edge, in 
the middle, hinge a sighting tube equal in length to the 
north-south length of the plank. With the eye at the 
hole of the rigid sighting instrument, at the hinge, raise 
the instrument to such an extent that the north-pole- 



star is sighted through the hole of the instrument 1 . 
(30-31) 

When so sighting the pole-star, the perpendicular 
dropped on to the plank from the end of the sight is the 
R sine of the latitude of the place. The base so formed 
is the R cos of the latitude of the place. The R cos line, 
i.e. the base, coincides with the north-south -direction 
line. (32-33) 

Learned men, observing things for themselves thus, 
determine the North pole, the dimensions of the whole 
Earth, etc. as one would determine the salty taste of 
the whole quantity of a solution by tasting a drop 
thereof. 2 (34). (TSK) 



1 From the next verse we can understand that Varahamihira 
implies here that the north-south length of the plank is 120 units, 
so that the length of the sighting instrument also is 120 units=R. So 
taken, the perpendicular dropped on to the plank from the end of 
the instrument will be equal to R sine angle raised, and the base 
from the foot of the perpendicular to the hinge will be R cos raised 
angle). 

* What is meant here is that an observation made at a small area 
on the Earth can give us, by suitable reasoning, knowledge of the 
whole Earth. 



11. WIJH 

11. 1. 1. TO^R-ftm: W'Tmfo #TT: I 

M^I^H . . . 

(Vidyarnadhava, Vidydmddhaviya or Mukurta-darsana) 

The five constituents of the Calendar 

The Naksatra (constellation or asterism), Vara (week- 
day), Titki (Lunar day), Karana and Yoga constitute the 
five limbs (of the daily calendar) . (KVS) 

11. 1. 2. «1UKI: gzhKl^llR-d^: JffcIWT: I 

*T*T ffafr^M TFTT fW^Tf: II \s II 

(Sankaravarman : Sadratnamdld^ 2.1) 

(Of the five-faced almanac), the Weekdays are Sunday 
and others (being, Monday, Tuesday, Wednesday, 
Thursday, Friday and Saturday) . 

(The fifteen lunar days of the fortnight are) Pratipad 
and others (viz., Dvitlya, Trtlya, Caturthi, Pancami, 
Sasthi, Saptami, Astami, NavamI, DasamT, EkadagT, 
Dvada&i, Trayodasi, CaturdasI and Pancadasi or Parva, 
being Amavasya at the end of the dark fortnight and 
Purnima or Paurramasi at the end of the bright 
fortnight). 

(The eleven) karanas, (four immovable and seven 
moyable) are Krimi, Simha etc. 1 

The twentysevenjogas begin with Viskambha. 2 (KVS) 
11. 2. 1. W fwrat on+f^rst i fa MiMd+i fi": I 

^^nrrraK #?it #5WRRr^^: ii ^ n 

(Varaha, PS, 3. 16) 

Naksatra computation 

For every 800 minutes of arc in the Moon's longitude 
there is one naksatra (asterismal segment). Deduct the 
Sun's longitude from the Moon's. For every twelve 
degrees of the remainder there is one tithi. The time 
of the ending moment of the naksatra should be found 
by proportion using the Moon's daily motion. The time 
of the ending moment of the tithi should be found by 
proportion using the difference in the daily motions of 
the Sun and the Moon. (16) (TSK) 



1 For the list, see below, 11.16.1 

2 For the list, see below, 11.13.1 fn. 



CALENDAR 

11. 2. 2. wnfer fefrftr^^mft^ ijpf: ft: i 

(Varaha, PS, 2. 7) 

Divide the true Moon by 4 and multiply by 9. What 
we get in the rdsi column is the naksatra. What is got 
in the degree column are the muhurtas. Deduct the 
true Sun from the true Moon, divide the result by 2 
and multiply by 5. Tithis are obtained in the rdsi 
column and thirtieths in the degree column. (7). (TSK) 

ll. 3. l. v^m f^r srta^r- 

^far^i «°WJ<?kft: ll \3<\ II 

^Wt ^TftT: tfwmwfa: II ^ II 

WFT# ^F^l^ f^TW 

^^TT vfcfT W^TT 1 1 1 1 

(Bhaskara II, $i£i. 9 1. 2. 71b-75) 

Accurate computation of asterism s 

The computation of the naksatras done as prescribed 
before, is only approximate. Now I shall give the 
method of obtaining what are called Suksma-naksatras 
as prescribed by the rsis, which are required for noting 
the auspicious occasions regarding marriages, journeys 
etc. (71b-72a) 

People who knew about it, have said that the six stars 
Visakha, Punarvasu, Rohini, and the three Uttaras, viz. 
UttaraphalgunI, Uttarasadha, and Uttarabhadra have 
the duration of one and half stars, i.e. 3/2 X 790' 35"= 
1 185' 52". The six stars Aslesa, Ardra, Svati, Bharanl, 
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Jyestha and Satabhisak have half the duration of a star 
i.e. 395' 17". The remaining 15 alone have one nak- 
satra duration, i.e. 790' 35". A star's duration is the 
mean daily motion of the Moon, i.e. 790' 35". (72b-73) 
The sum total of all the above 27 stars being subtracted 
from 360°, give the duration of the star that is called 
Abhijit which occurs after Uttarasadha and before 
Sravana. 

To obtain the position of the star in which a planet 
is situated, convert its longitude in minutes of arc and 
subtract the durations of the stars from Asvini as many 
as could be subtracted. The number of stars whose 
durations are thus subtracted are deemed to have 
elapsed. (74) 

The remainder is called the gata or elapsed portion 
of the current star and the difference of this gata and the 
duration of the current naksatra is called the esya, i-e. 
unelapsed portion. To obtain the elapsed time or the 
unelapsed time of the current star, the gata or the esya 
is to be multiplied by 60, and divided by the daily 
motion of the planet concerned, the result being in 
nadis. (75). (AS) 

(Deva, KR } 1.43) 

Naksatra of the Sun 

Reduce the longitude of the Sun to minutes, and then 
divide by 800: the quotient gives the (number of) 
naksatras passed over (by the Sun) . Multiply the re- 
mainder and the divisor minus remainder (severally) 
by 60 and divide both of them by the Sun's daily motion : 
the results obtained give the ghatis elapsed and the 
ghatis to elapse (in the curent naksatra). 1 (43) (KSS) 



1 The stars lying near the ecliptic are divided into 27 groups called 
naksatras. The names of these naksatras, in the order in which they 
occur, are as follows: 

1. Asvini 15. Svati 

2. Bharani 16. Visakha 

3. Krttikk 17. Anuradha 

4. Rohini 18. Jyestha 

5. ,Mrgasira 19- Mula 

6. Ardra 20. PQrvasadha 

7. Punarvasu 21. Uttarasadha 

8. Pusya ' 22. Sravana 

9. AsUesa 23. Dhanistha 

10. Magna 24. Satabhisak 

1 1 . Pijrva Phalguni 25. Puva-Bhadrapada 

12. Uttara Phalguni 26. Uttara-Bhadrapada 

13. Hasta 27. Revati 

14. Gitra 

The first naksatra is supposed to begin at the first point of the star 
Zeta Piscium. (p. 30a : read ' §' as ' z ' Piscium). 

Starting from the first point of the naksatra Asvini, the ecliptic is 
also divided into 27 equal parts, each of 800'. These divisions of the 
ecliptic are also called naksatras and given the same names as* the 
twenty-seven naksatras mentioned above. The naksatras referred 
to in the above stanza are these 27 divisions of the ecHptic. 

9-* 



1 1. 5. 1. STftFf farted l^+<Hld I fa WTft ^T : I 

(Deva, KR, 1. 43-44) 

Naksatra of the Moon 

Reduce the Moon's longitude to minutes and then 
divide by 800 : the quotient obtained gives the (number 
of) naksatras passed over (by the Moon) . The remainder 
and the divisor minus remainder (multiplied by 60 and) 
divided by the (Moon's) own daily motion give the 
nadis elapsed and nadis to elapse (in the current naksatra), 
as in the case of the tithi. (44). (KSS) 

n.6.1. ftr^R^ui: sffaTt rrera =5r ^J u,4 i i 

<m^it<niui : ^fr^r: m^ifam it w 
3nfe5r: *fr*fr srfanFT <fu ^m^^t i 

SHTTO#T Wft fcnfHTT: II s.^ II 

{Atharvana-Jyotisa, 7. 21; 87 1.) 

Weekday 

(In the matter of their potency for bestowing benefits 
for rituals performed during their currency), the lunar 
day ranks onefold, the asterism twofold, the weekday 
eightfold and the karana sixteenfold. (7.21 ) 

The lords of the weekdays are (in order) the seven 
(planets), the Sun, the Moon, Mars, Mercury, Jupiter, 
Venus and Saturn. (8.1). (KVS) 

11, 6. 2. TO $fcm: ¥l3<M<WM WZF&i sftm: I 

(Aryabhata I, ABh. f 3.16) 

Lords of Weekdays and Hours 

The (above mentioned) seven planets beginning with 
Saturn, which are arranged in the order of increasing 
velocity, are the lords of the successive hours. The 
planets occurring fourth in the order of increasing 
velocity are t the lords of the successive days, which are 
reckoned from sunrise (at Lanka). 1 (16). (KSS) 

1 That is to say, the lords of the twenty-four hours (the hours 
being reckoned from sunrise at Lanka) are : 

Saturn, Jupiter, Mars, Sun, Venus, Mercury, Moon, Saturn,' 
Jupiter, Mars, Sun, Venus, Mercury, Moon, Saturn, Jupiter, 
Mars, Sun, Venus, Mercury, Moon, Saturn, Jupiter, and Mars^ 
respectively, 
and the lords of the seven days are: 

Saturn, Sun, Moon, Mars, Mercury, Jupiter, and Venus, 
respectively. 

The Lord of a day is the Lord of the first hour of that day, the 
day being measured from sunrise at Lanka. 
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11. 6. 3. 3t^FTft 

(Lalla, SiDhVr., 1.32) 

Lords of the days 

To the ahargana should be added the days and hours 
(ghaiikas) of the suddhi. The sum, which is the ahargana 
from the beginning of Caitra, should be divided by 7. 
The remainder counted from this day gives the lord of 
the day. The longitudes of the planets, etc. calculated 
from the ahargana will be for the sunrise on the current 
day. (32). (BC) 

11. 6. 4, *T?!T: *mT ^^d^'dlfedl 

'^rr'c^w wwr w n ^?V9 ii 

^Lalla, &X>AFr., 1. 27) 

Lord of the year 

. The number of solar years elapsed (since the beginning 
of the Kaliyuga) multiplied by 149 and divided by 
576, gives the result in days etc. Add this to the 
number of solar years and divide the sum by 7. The 
remainder counted from Friday gives the Lord of the 
year. 1 (27). (BC) 

11.7. 1. 'H+W I ^Kd) OTt ^M°^fH ^ ^TTRTFT I 

(Varaha, PS, 12.5) 

Duration of day 

Take the days elapsed in the Uttarayana, (i.e. the 
northward course of the Sun), and the days to go in 
the Daksinayana, (i.e., the southward course). Multi- 
ply by two, divide by 61, and add 12. The duration 
of the day time, (in muhurtas), is obtained. 2 (5). (TSK) 

11. 8. 1. <EH<*Hyi» ^^^^JTsq^nT II || 

(Deva, KR, 1. 42b) 

Local time 

To find the time at the local place, add the (Sun's) 
ascensional difference to the time at the local equatorial 
place, provided the Sun is in the northern hemisphere ; 
and subtract the same, when the Sun is in the southern 

1 For notes, see SiDhVr.: BC, II. 18-19.' 

2 For elucidation, see PS : TSK, 12.5. 



hemisphere. (It is assumed that the local place is in 
the northern hemisphere). 1 (42b). (KSS) 

11. 9. 1. ^TI^tTT^ fiwFWMI* AldKldl Tlftl: I 

(Sankaravarman : Sadratnamdld, 2.5) 

Lunar day 

Since in the difference circle of the Moon and the 
Sun (containing 12 Signs) there are 30 lunar days, a Sign 
would contain 2 J lunar days, the nddis therein being 
C2£X60=) 150. (5). (KVS) 

11. 10. 1. *$dl+f*i: Wt wft f^Rnf^r: '*T^:' I 
fr^S^^PRT^ STT II 31 II 

RtwNt wr ^tPt forfeit ^iH><l^id ii 

(Bhaskara I, MBh., 4. 31-32) 

Calculation of the lunar day 

Divide the true longitude of the Moon as diminished 
by that of the Sun by 720 minutes (of arc) : the quotient 
(obtained) denotes the number of tithis (elapsed). 
Multiply the remainder by 60 and divide (the product) 
by the difference between the (true) daily motions of 
the Sun and the Moon: then are obtained the ghatis, 
vighatis, arid asus (elapsed of the current tithi). (The 
time in ghatis, vighatis, etc. of) the current tithi to elapse 
or elapsed is measured from sunrise. (31-32). (KSS) 

11.11. L Vlfol4c«<<lififcl WS^t 4W^I«<*tlfcki wfe I 
3rfy+jo^|u] ^ fa^lgW<^<^*4^4H 11*111 

<Pch^ | Jh 'Trfer i^t 
qfwt^r cTcft wft *m*{ ii ^ n 



GmOci 3 «n«IfH^*i i 

^TftT^rT^fW^T ^T*RT II \ II 
Mr<rH^6dHlft+l °H did I : 

*ifadl*di: ^Trf^T^TOT: II V II 

(Bhaskara I, MBh., 8. 1-4) 



1 The time at the local equatorial place is obtained by applying 
the longitude correction to the time at Lanka. This correction is 
additive, if the local place is to the east of the prime meridian, and 
subtractive if the local place is to the west of the prime meridian. 
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True lunar day without Sun and Moon 

Multiply the ahargana by the number of lunar years 1 
(in a yuga) and divide by the number of civil days 2 (in a 
yuga). Then are obtained the mean lunar years, etc. 
(corresponding to the ahargana). Also multiply the 
ahargana by the number of intercalary lunar years 3 (in 
a yuga) and divide by the number of civil days (in a 
yuga). (Thus are obtained the mean intercalary years, 
etc., corresponding to the ahargana). The difference 
between the two denotes the mean solar years, etc. (i.e., 
years, months, days, and ghatis) (corresponding to the 
ahargana). (1) 

The solar years are not required; (so they are to be 
omitted). From the remaining quantity (in months, 
days, and ghatis) subtract two months and eighteen days. 
Then (treating the months, days, etc., of the remainder 
thus obtained as the Signs, degrees, etc. of the Sun's 
mean anomaly) calculate the (Sun's) equation of the 
centre. (2) 

Divide the (corresponding) solar time by 12 and apply 
that to the (mean) lunar days (and ghatis) (obtained 
from the ahargana) contrararily (i.e., add when the Sun's 
equation of the centre is subtractive, and subtract when 
the Sun's equation of the centre is additive). Also apply 
one-twelfth of the time corresponding to the Moon's 
equation of the centre 4 to the resulting lunar days (and 
ghatis) in the same way as it is applied to the Moon's 
longitude. (3) 

(The lunar days thus obtained are the true lunar days 
which have elapsed at sunrise since the beginning of the 
current month) . The ghatis obtained above denote the 
elapsed portion of the current lunar day in terms of 
ghatis. Multiply those ghatis by 60 and divide by one- 
twelfth of the difference between the true daily motions 
of the Sun and Moon, in degrees : the quotient denotes 
the true time in ghatis (which has elapsed at sunrise since 
the beginning of the current lunar day). 5 (4). (KSS) 

11.12.1. 'IdldPwfe+IH ^Haismwl 



M.e.,44,52,778. 

2 i.e., 1,57,79,17,500. 

*i.e., 1,32,778. 

*To obtain the Moon's equation of the centre, the mean longitude 
of the Moon may be obtained as follows': Multiply the mean lunar 
days, etc., (corresponding to the ahargana) by 12, convert the result- 
ting days etc. into months, etc., and add to them the mean solar 
months, etc., (corresponding to the ahargana); treat the months, etc. 
thus obtained as the Signs, etc. of the mean longitude of the Moon. 

* For exposition and rationale, see MBkiKSS, pp, 2 14-1 7* 



5^ ^T: +fa+|fafafcl+jOT: II Rvs II 

(Lalla, SiDhVr,, 2. 26-27) 

New and Full Moon 

The true motions of the Sun and Moon should be 
multiplied by the ghatikas passed since the end of the 
fifteenth tithi and divided by 60. One should subtract 
the results (in minutes) from the respective minutes (in 
their true longitudes). The longitudes then have the 
same Signs, degrees, minutes and seconds, if the fifteenth 
tithi is Amdvdsyd (new moon) and the same degrees, 
minutes and seconds, if it is Purnima (full moon). 

(The results obtained in the same manner from the) 
ghatikas to elapse till the fifteenth tithi, should be added. 

(The same procedure should be followed foe any 
other tithi). At the end of every other tithi, the 
Sun and Moon are equal in respect of minutes and 
seconds. (26-27). (BC) 



11. 12. 2. 




for^ akiiuwref ^id^d^ i 

q^qj gmt <|^IWJd II ^ II 

^mrerer: m few ^rfsr q i 

msszvi Hii^^^i ^wr^ftsfe^ *rfa" n it 

*it«iM f^^mfd^^d^iw ii ii 

fo^^fl'JJgd fdfaditfGi+nfei^ II || 

ztt: q^*rrs^H<t>(rnwi^ *Fdw fofm i 

rrrcrt f=Hidkid fiff«mrss^m: ^tt: ii 
aicffcn^Rw^r: sfrspfc f^mf fof*nr i 

d"<J *T^TWhj firftfd^AHIdl rfk: II ^ II 
^T^f FTR dd^l'dlW WRT/I i ^ II 
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tM4 ) 44|!Hl l 4M<fl4 fw*r I 
SPJtTir xT?T^T#^ II ^V9 II 



r^N^d'HMH |# *ll<4ld tfHI^W I 

^resr fcn^Hini cpffcr <t#t I 
*teK¥i ^ifi^y*iiuw ii vo ii 

(rF-FJ, 13-40) 

Parva-rasi 

Take the ordinal number of the year in the yuga. 
Lessen this by 1, multiply by 12, again multiply by 2, 
add the parvas gone in the year, for every 60 of the total 
parvas add 2, and the number obtained is the parva-rdsi 
or group of parvas {i.e., the total number of parvas gone 
at the time, for which calculations aie to be made) . (13) 

On account of the civil days of the yuga being divided 
into quarters, halves and three quarters corresponding 
to the divisibility of the Moon's asterisms in the yuga, 
the Moon's asterismal parts also are a quarter (i.e., 31 
parts), two quarters (i.e., 62 parts), three quarters (i.e., 
93 parts), without residue. But the other parts of the 
asterisms have to be measured in units of fifth divisions 
of the parts. (14) 

Eight naksatra parts (bhdmias) are to be put down for 
every unit in the quotient of the number of parvas 
divided by 12. The remainder is to be multiplied by 1 1 
and added. If the parva in question is full moon, 62 
parts more are to be added if the parts refer to the 
Moon's naksatras (and not the Sun's). (15) 

Dividing the number of parvas by 9, take one part for 
each quotient. Each of the remainder should be 
multiplied by 7 and added. If the quotient is odd, add 
half, i.e., 62 parts. If the Moon is setting when the 
Sun rises, i.e., if full moon parva, add another half, i.e., 
62 parvas. (16) 

Take the (twentyseven) naksatras represented by the 
abbreviations (of their names, viz., (1) jau (for Asvayu- 
jau), (2) drd (for Ardra), (3) gab (for bhagah or Purva- 
Phalgunl), (4) khe (for Visakhe), (5) he (for Visvedevah 



or Uttara?adha), (6) hib (for Ahih or Uttaraprostha- 
pada), (7) ro (for Rohini), (8) sd (for Aslesa), (9) cit 
(for Citra), (10) mu (for Mula), (11) sa (for Satabhisak), 
(12) nyah (for Bharanyah), (13) su (for Punarvasu), 
(14) ma (for Aryama or Uttara-Phalguni), (15) dhdh 
(for Anuradhah), (16) nab (for Sravarah), (17) re (for 
Revati), (18) mr (for Mrgaslrah), (19) ghdh (for Maghah), 
(20) sva (for Svati), (21) pah (for Apah or Purvasadha), 
(22) jah (for Aja Ekapat or Prosthapada) , (23) kr (for 
Krttika), (24) syab (for Pusyah) , ' (25) ha (for Hastah), 
(26) jye (for Jyestha) and (27) sthdh (for Sravistha), in 
the order of one, two, three etc. of the parts of the 
naksatras (found in verse 15) each to each. Then so 
many parts of that naksatra has gone at the end of that 
parva for which that bhafhia has been found. If the 
parva falls within the first half of the parva-naksatra, (i.e., 
if the naksatra part is 62 or less at parva), the beginning 
of the naksatra to be found (bhddanam) will fall in the 
parvatithi (i.e., the 15th tithi) itself. If the naksatra parts 
is greater than the parts of the day at which the parva 
falls, the beginning of the naksatra falls in caturdasi tithi 
day. (17-18) 

For every eight naksatra parts, 19 kald-s are to be set 
down for work. For the rest (i.e., the remainder), when 
the remainder occurs, take away 73 kalds for each of the 
number remaining. (We then get the time of the day, 
in kald-s, at the beginning of the parva naksatra, i.e., the 
Moon's naksatra at new or full moon) . (19) 

Multiplying the tithis elapsed after a parva by 1 1 , and 
adding it to the parts of the naksatra current at the end 
of the parva, and dividing out by 27 and taking the re- 
mainder, and using this in the jdvddi series (set out in 
verses 17-18), the naksatra current at the tithi can be 
found. (20) 

Adding kald-s equal to seven times the tithis elapsed 
after the parva to the bhdddna-kala of the parva, we get the 
bhdddna-kala pertaining to the tithis (i.e., the times of the 
beginning of the naksatras current at the end of the 
tithis). (21) 

Subtract twice the number of tithis after a parva from 
the parts of the day ending the parva. We get the parts 
of the day when the tithi ends, which is the same as the 
position of the Sun in the diurnal circle (technically 
called nddimandala) divided into 124 parts. (22) 

Naksatra of the Sun 

Multiplying the number of parvas elapsed by 11, and 
the tithis elapsed after that by 9, adding the two and 
dividing the total by the number of parva-s in the yuga, 
(viz., 124) taking the quotients and parts, and adding 
the number of the parva-s to be quotient, we get the 
total number and parts of the Sun's naksatra which have 
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elapsed, counted from the naksatra Sravistha in the 
regular order. (25) 

Yoga and its Naksatra 

Divide the parts of the Sun's naksatra by 9. Multiply 
the remainder by 2. This is termed the partial comple- 
ment for the day's parts. Add to this the complement 
for the tithi-s, got as quotient, to obtain the total 
complement, to be added to the day's parts. (26) 

Add the total complement to the naksatra parts and 
divide by 1 1 . The result is the day before the completed 
day's parts, when the naksatra began. 

The excess in the rising of the zodiac over the diurnal 
circle in terms of its 124th parts is a third of the number 
of days elapsed in the year, rounding off the fraction 
up to fourteen days in any parva. When (nearly) half 
a zodiac has been found to have risen, add one more part 
and as the second half of the zodiac is (nearly) comple- 
ted, add another one. This result can be obtained by 
extending the navaka rule (already given for the ending 
moments of the parvas, verses 16-17). (27) 
Adhimasa 

The lunar day is less than the civil day by its 62nd 
part. The civil day is subtractable from the solar day 
(i.e., less than the latter). This defect, combined with 
the defect in the lunar day causes one extra month at 
the end of half^a and another month at the end of 
the full yuga. (37) 

Rtu-£esa 

Adding all the half tithi-s occurring after each parva 
of all the parvas (that pass normally a t the rate of 4 per 
parva) we get what is called rtu-sesa (that is, the tithi-s 
which remain in the last rtu and have to be passed to 
complete it). (41) 

Length of day-time 

The number of days which have elapsed in the north- 
ward course of the Sun (uttardyana) , or the remaining 
days in the southward course (daksindyana) , doubled 
and divided by 61 plus 12, is the day-time (in muhUrta-s) 
of the day taken. (40). (TSK) 

11. 13. l. ^ i ft i fa^i^ f^rr sffrrmfr i 

(Deva, KR, 1.45) 

Yoga 

Add the longitudes of the Sun and the Moon (and 
reduce the sum to minutes) and then divide it by 800: 
the quotient gives the (number of) yoga-naksatras passed 
over. Divide the remainder and the divisor minus 



remainder by the sum of daily motions of the Sun and 
the Moon (in degrees) : the results obtained give the 
nddis elapsed and the nddis to elapse (of the current 
yoga)- 1 (45). (KSS) 

1 1. 14. l. ^ ^PTsf ^ szjwi^rs^BT J fM*ifcr: *trf i 

# *rfrr# '^ff:' II VII 

eft ^sbt ^TTcft rwiR^srftw <r mft u * u 

'RMT^blPrf: ^ffafer wftpf: II 

f«l l *WH4lfa*fl : *W PtKd<+ M v | H> <^W' : 1 
TT^T rTT^T : ci^lnlfkl II \9 II 

(Bhaskara IT, SiSt., 1.12.2-7) 
Gola-sandhi and Ayana-sandhi 

When the tropical longitude of the Sun, i.e. its 
longitude measured from the first point of Aries along 
the ecliptic, is equal to 0° or 180°, then the Sun is said 
to be at its gola-sandhi. In other words, when the Sun 
which moves along the ecliptic comes to the celestial 
equator, it will be at the gola-sandhi. Similarly, when 
its longitude is 90° or 270°, it is said to be at its ayana- 
sandhi. (2) 
Speciality in Moon 

Let the R sine and R cosine of the tropical longitude 
of the Pata (Rahu, the ascending node of the lunar orbit; 



1 The yogas, like the nakfatras, are 27 in number, and their names 



in the order of their occurrence, 


are as follows: 


1. 


Viskambha 


15. 


Vajra 


2. 


Priti 


16. 


Siddhi 


3. 


Ayusman 


17. 


Vyatipata 


4. 


Saubhagya 


18. 


Varlya n 


5. 


Sobhana 


19. 


Parigha 


6. 


Atigarwja 


20. 


Siva 


7. 


Sukarma 


21. 


Siddha 


8. 


Dhrti 


22. 


Sadhya 


9. 


Sula 


23. 


gubha 


10. 


Gan^a 


24. 


Sukla 


11. 


Vrddhi 


25. 


Brahma 


12. 


Dhruva 


26. 


Indra 


13. 


Vyaghata 


27. 


Vaidhrta 


14. 


Harsana 




or Vaidl 



It should be noted that in calculating the tithi, naksatra, yoga and 
Aarapa, the precession of the equinoxes is not applied to the longitude 
of the Sun. But in calculating the Vyatipata it is applied. 
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as per the smaller table of R sines when the radius is 
taken to be 120', be respectively multiplied by 123 and 
7 and divided respectively by 4 and 12. The results 
are known as the bdhuphala and kotiphala, respectively. 
According as the tropical longitude of Rahu, (say, A), 
be such that as 27G°Z. AZ90° or 90°ZAZ270 o s the 
bdhuphala : is to be divided by 362+ kotiphala. Subtract 
the result from the gola-sandhis and ayana-sandhis of the 
Sun, to get those of the Moon. (3-6) 

Occurrence of a pata 

If the sphutdkrdnti of the Moon, when it is maximum, 
be less than that of the Sun, then there could be no 
occasion for their declinations to become equal in the 
near future. 1 (7). (AS) 

n. 15. l. g^^fFr ^nr# °*j<flHkfl$*r ffer: i 

^ ^ WTO M*T: «IM*JW+: II 

(Bhaskara I, LBh., 2. 29) 

Vyatipata and Vaidhrta 

When the sum of the (true) longitudes of the Sun and 
the Moon amounts to half a circle (i.e., 180°), the pheno- 
menon is called (Lata) -vyatipata; when that (sum) 
amounts to a circle, (i.e., 360°) , the phenomenon is 
called Vaidhrta- (vyatipata) ; and when that (sum) extends 
to the end of the naksatra Anuradha (i.e., when the sum 
amounts to 7 signs, 16 degrees, and 40 minutes), the 
phenomenon is called Sarpamastaka-(vyatipdta) . (29). 
(KSS) 

11.15.2. ^m^iry+^fakii: 

?§"d I r£Hti\ W RttW II 3 H 
^^Mk^M^: HHrtH tl V II 
Rmd°MHl ^fadI^*ffiT: II K II 



1 For exposition and the rationale, see Si$i:AS, pp. 521-33. 



fort ^^ft+b*nwtfl«4tdMW>4fti*n: ^HHm: 1 1 
J ld^l<^«llfM *|WJ*flfa«K ^ fil sfT cPft: M^ll 
W: 5T«T# 1?fM OT^T: SRHHsiRMd: II s II 

TRffT^ Id J <3 ^ u I <=! d STSWI-^J+mI II £ II 

{LalUjiDhVr., 12. 2-9) 

Computation of Vyatipata and Vaidhrta 
Time of mid-pata 

Find the difference in minutes (between the sum of the 
true longitudes of the Sun and the Moon at any given 
time) and 6 Signs or 12 Signs. Multiply it by 60 and 
divide by the sum of the true daily motions of the two. 
The result gives in ghatikds etc. the time elapsed since 
the vyatipata or vaidhrta took place or to elapse, (accord- 
ing as the sum is greater than 6 or 12 Signs or less). 
Then find the true longitudes of the Sun, the Moon and 
its Node for that time. (2) 

At that time, if the true declination of the Moon's 
centre is equal to the declination of the Sun's centre, 
both expressed in minutes, the time is called middle of 
pata. (3a-b) 

Equality of declination 

When the Moon's true declination is obtained by 
subtracting the mean declination from its latitude, even 
if the true declination is numerically greater than that 
of the Sun, it must be considered as less. (3c-d) 

If the Moon's true declination at the beginning of an 
even quadrant, (that is, at the end of an odd quadrant), 
is less than that of the Sun in an odd quadrant, there is 
no possibility of pata. If, in this case, the Moon's true 
declination is greater, there is a possibility of the declina- 
tion being equal and hence of pata. (4) 

When the true declination of the Moon in an odd 
quadrant is greater or in an even quadrant less than that 
of the Sun, the pata has taken place. In the contrary 
cases, it will take place. (5) 

Time of Vyatipata and Vaidhrta 

(Find the Sun's declination and the Moon's true 
declination at the time when the sum of their true 
longitudes is 6 or 12 Signs). In the case of vaidhrta, find 
the sum of the declinations, if in the same direction: but 
difference, if in opposite directions. In the case of 
vyatipata^ find the difference, if in the same direction, and 
the sum, if in opposite directions. (6) 
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In each case, the result is called prathama (or 'the 
first'). In the same manner find apara (or e the other 5 ), 
by assuming some time (before or after that when the 
sum of the longitudes is 6 or 12 signs, by calculating the 
longitudes of the Sun, the Moon and its node for that 
time and hence the declination) and by taking their 
sum or difference (as above) . 

If both the groups of declinations indicate that the 
pdta has either taken place or will take place, find the 
difference of the first [prathama) and the other (apara) . 
But find their sum, if one group indicates that pdta has 
taken place, and the other indicates that the pata will 
take place. (7) 

By this sum or difference divide the product of the 
first and the assumed time. The result in gkatikds gives 
the time of the middle of pdta, before or after the time 
when the sum of the longitudes of the Sun and the Moon 
is 6 or 12 Signs, i.e., before, if the first group of declina- 
tions shows that the pdta has taken place, and after, if it 
shows that the pdta will take place. (8) 

Iterate the above process by repeatedly finding the 
true longitudes (of the Sun, the Moon and its node for 
the corrected time and hence their declination, till the 
time is fixed). Multiply the sum of the diameters of 
the Sun and the Moon by the fixed time and divide the 
product by the prathama or 'first'. The result in ghafikds, 
is the duration of the pdta. Thus find the times for the 
beginning and end of the pdta, as in the case of an eclipse. 
(9).i (BC) 

n.15.3. ^^ilii o^cflmdl sgy tyr: i 
. . • . • • • • 
'arc?*'* f^rsEf ^ffaforw srtrT n 11 

'snnW'- 'dtaPR' ' jih^h ' 4 m eft*?' 
tf? ftrf '^pprnr: 1 'ifitfrf' '<fes : ' 1 

W% 3WTfr M>Wlft T^ftWt: || *o n 

' *hhi(V 'wrtPt 7 'yiMNi' '*mft ?h' i 
'^n Tm\' '^prpft' , ^T^ ,^ F^l^a■' ^ s5T: , ll^lt 

=^RT rRT q^f II H 

3HF<T: #fewt ddfenOci Pm*T: I! U II 

i For detailed elucidation, see SiDhYfiBC., II. 201-05, 



*TCT ftTO ^PRjft: f^W cPftaRT I 

^^f v ^H^4c(w^Hd^i 3 l-l II 

(Deva, iftf, 1. 46-57) 

The Three Vyatipatas 

When the sum of the (true) longitudes of the Sun and 
the Moon amounts to half a circle (i.e., 180°), the pheno- 
menon is called (Cakrardha-Vyatipata or Lata-)Vyati- 
pata; when that sum amounts to a circle (i.e., 360°) 
the phenomenon is called Vaidhrta-(Vyatipata) ; and 
when that (sum) extends to the end of the naksatra 
Anuradha (i.e., when that sum amounts to 7 signs 16° 
40'), the phenomenon is called Sarpamastaka-(Vyati- 
pata). (46) 

Calculation of Vyatipata : Declination 

In the case of the Sun and the Moon, having deter- 
mined its distance from the first point of Aries or Libra, 
(whichever is nearer), reduce it to minutes and divide 
by 600: the quotient gives the serial number of the 
tabular declination (crossed). Set down that declina- 
tion in a separate place, and add to it the declination 
difference corresponding to the remainder of the division. 
(This sum is the desired declination). (48-49a) 
The Declination table 

242', 479', 703', 908', 1088', 1237', 1347', 1416', and 
1440' — these are stated to be the declinations (at the 
intervals of 10 degrees of the ecliptic, from the first point 
of Aries) for the Sun and the Moon. (49-50). 

Moon's latitude 

Now, the astronomer should subtract the longitude 
of , the Moon's ascending node from the longitude of 
the Moon and reduce the resulting distance (of the 
Moon) from the Moon's ascending node to minutes. 
Then (dividing it by 600) find, as before, the serial 
number of the Moon's tabular latitude crossed. Then 
make use of the following table of latitudes. (51) 

Table of Moon's latitudes 

47', 92', 135', 174', 207', 234', 254', 266', and 270'— 
(these are the Moon's latitudes at the successive intervals 
of 10° from the Moon's ascending node.) 1 (52) 



1 Mallikarjuna Suri (A.D. 1 178), in his commentary on the Surya* 
siddhdnta (9. 14-15), quotes another list of Moon's latitudes at the 
successive intervals of 10°, from his own work Gapaka-kitdrtha. This 
list has 173' in place of 174'; otherwise it is the same as the above 
one. Visnu Sarma (c. A.D. 1363), in his commentary on the Vidya- 
Mddhaviya (2.30), quotes a similar list of the Moon's latitudes at 
the successive intervals of 10°. This list has 93' in place of 92'; 
otherwise it is exactly the same as the above one, given by Deva. 
Makaranda (c. A.D. 1478) gives the Moon's latitude to two decimal 
places for every degree of the ecliptic as measured from the Moon's 
ascending node. 
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Moon's true declination 

The instantaneous latitude of the Moon added to or 
subtracted from the declination of the Moon's projec- 
tion on the ecliptic, according as the two are of like 
or unlike dhections, gives the true declination of the 
Moon. (53). 

Time of Vyatlpata 

When the bkujd of the Moon's longitude is greater 
than the bhujd of the longitude corresponding to the 
Sun's declination, (it should be understood that) the 
phenomenon of Vyatipdta has already occurred. Similar 
is the case when the koti of the Moon's longitude is less 
then the koti of the longitude corresponding to the Sun's 
declination. In the contrary case, it is just the reverse 
(i.e. it should be understood that the phenomenon of 
Vyatipdta is to occur.) (54) 

When there is equality of the Sun's and Moon's 
declinations, (both in magnitude and direction), then 
the Vyatipdta is called Cakrdrdha (or Lata- Vyatipdta). It 
is prohibited for all (auspious) acts. (55) 

When the declinations of the Sun and the Moon are 
unequal, multiply their difference by 600 and divide 
(the product) by the succeeding tabular declination 
minus the preceding tabular declination (given in verses 
49-50) and subtract the (resulting) quotient from or add 
that to the Moon's longitude, according as the Vyatipdta 
has occurred or is to occur. Again calculate the Moon's 
declination and iterate the process until the declinations 
(of the Sun and Moon) become equal. 1 (56-57). (KSS) 

11.16. 1. ^Mci^ctatdH I ^^K^^NftfVi^HIH I 

(Varaha, Br.Sam., 100. 1-2) 

Karanas 

The lords of the seven movable karanas, viz. Bava, 
Balava, Kaulava, Taitila, Gara, Vanija and Visti, are 
Indra, Brahman, Mitra, Aryaman, Bhu (Earth) * Sri 
(Goddess of Wealth) and Yama (Death), respectively. (1) 

The fixed or Dhruva-karanas, viz. Sakuni, Catuspada,- 
Naga and Kimstughna, begin from the latter half of the 
14th day of the dark fortnight and are presided over by 
Kali, Vrsa, Pharin (Serpent) and Maruta (Wind), 
respectively. (2). 2 (M.R. Bhat) 



IL 16. 2. 



1 For further details regarding Vyatipdta (also called Pdta 
Mahdpata) see Appendix 1, Mahdpatddhydya,KR:KSS, pp. 102-110, 

2 The fixed karanas appear only once in a lunar month. A karana 
is equal to half a tithi. So there must be 60 karanas in a month. But 
the fixed ones are assigned to the latter half of the dark 14th day, 



RkHg«Hfi: M^HHIl: sftcHllfa <fa*fMlkf I 

fwr ^gqgarihSaer ^vn fflmwd ill'; n 

^fTf^TOk OTTpT SlfFliM^M* TFT: I 

Ft^HftRi ? *<«n«qff ^rrfcr^t nun 

(Varaha, PS, 3. 18-19) 



Karanas — Computation 

In the light fortnight, take the Moon minus the Sun 
and subtract from it 6°. For the dark fomight take the 
Moon minus the Sun from the beginning of the dark 
fortnight, i.e., take the Moon minus the Sun with 6 rdsis 
subtracted from it, and add 6°. Convert it into minutes 
and divide by 360'. What are obtained are the cara- 
karanas Bava etc. coming one after another repeatedly. 
Take the remainder and treat it as the remainder in 
calculating the tithi, (i.e., multiply 60, and divide by the 
difference of the daily motions of the Sun and the Moon 
in minutes etc.) and thus get the ending moment of the 
last karana. In each tithi the first half is one karana and 
the second hal f another. (18) 

La the four half tit his, viz., the second half of Bahula- 
caturdasl, the two halves of Amavasya, and the first 
half of Sukla-pratipad, are the sthira-karanas, Sakuni, 
Catuspada, Naga and Kimstughna, respectively. Then 
from the remaining half, the cara-karanas come in the 
order Bava, Balava, Kaulava, Taitila, Gara, Vanijya 
(Vanija) and Visti (Bhadra), (repeating eight times). 
(19)! (TSK) 

11.16.3. Pd^rifl<?l*a iPH 4><u |l fH «N l fcd : I 

Pl^HlpM ftra" TO^wi^Ria fM[: II 3 3 II 

(Bhaskara I, MBh., 4. 33) 

The karanas (elapsed) are obtained by taking "half 
the measure of a tithi (i.e., 360 minutes)" for the diviser, 
and are counted with Bava. But the number of karanas 
elapsed in the light half of the month should be dimi- 
nished by one, whereas those elapsed in the dark half 
of the month should be increased by one. This is what 
has been stated. 3 (33). (KSS) 

11. 16. 4. ^cfr^Mi sftrtT: <^1M*y^H^+d I 

' ■«H«KU| | ft 4<l<fl-44<l4dwi rdf^ct^d II ^ II 



the two halves of the new moon and the first half of the first lunar 
day of the bright fortnight. Hence 56 karanas remain to be filled 
with the 7 karanas repeated 8 times. Bava prevails in the latter 
half of the bright pratipad; Balava and Kaulava in the two halves of 
the second; Taitila and Gara in the two parts of the third tithi; 
Vanij and Visti in those of the fourth. In this manner these seven 
movable karanas have to be repeated in both the fortnights, without 
touching the provinces of the four fixed karanas. 
8 For thcrationale, see MBhiKSS, p. 131. 
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(Deva, KR, 1. 58-59) 

The longitude of the Moon minus the longitude of the 
Sun should be reduced to minutes and then divided by 
360. The (resulting) quotient should be diminished by 
1 and then divided by 7. The remainder, counted from 
Bava, gives the (number of) movable karanas (passed). 
To find the rest (i.e., the ghatis elapsed of the current 
karana or ghatis to elapse before the beginning of the 
next karana) , one should proceed as in the case of the 
tithi. (58). (KSS) 

(Of the four immovable karanas) Sakuni occurs in the 
second half of the 14th tithi in the dark half of the month ; 



Catuspada occurs in the first half and Ndga in the second 
half of the new moon tithi; Kirhstughna in the first half 
of the first tithi (in the light half of the month.) 1 (59). 
(KS) 



1 Sakuni, Gatuspada, Naga, and Kirhstughna are called 
immovable karanas because their positions are fixed with respect to 
the tithis. Sakuni is a hawk; Gatuspada is a quadruped; Ndga is 
a serpent; and Kirhstughna is an animal. Their lords are Kaliyuga, 
Rudra, serpents and wind, respectively. 

The seven movable karanas, in the order in which they occur, 
along with their lords, are as follows; 

1. Bava or Baba (=Hon; Babara in Hindi): Indra; 2. Balava 
(= tiger): Dhata; 3. Kaulava (=:Boar, Derived from Kola, meaning 
boar): Mitra; 4. Taitila f=donkey): Aryama; 5. Gara or Gaja 
(=elephant): Earth; 6. Vanij or Vanik (= businessman) : Laksmi; 
7. Visti or Bhadra (=cow) : Yama, 

This cycle of the seven movable karapas starts from the second 
half of the first tithi in the light half of the month and repeats itself 
eight times, whereafter the four immovable karanas commence. 



12. «T*Pnfir - STARS AND ASTERISMS 



12.1.1. ^t?tt *mwt f^rft TrR" cttc^ i 

(AV 9 2. 8. 1) 

Rising stars mentioned in the Vedas 

Arisen are the two blessed stars called Vicrtta-s (i.e. 
Mula). Let them unfasten the ksetriya (disease), the 
lowliest, the highest fetter. 

12. 1. 2. g^TW? rr^r 3fr^# tjw ^TOSR" f^T: I 

# tfUfct T«fT f^t cTT^f 4gdkM: II <H II 

(#F, 1. 105. 11) 

High in the mid ascent of the heaven, those birds" of 
beautious pinion (the stars) sit. Back from his path, 
they drive the Wolf (Sirius) who would cross the restless 
floods. 

12. 2. i. zrt ynf to^r; i crer^ffftr^M^N^ i q^rf ^ 

{Taitt. Brdhmana, 1. 5. 2. 1) 

Fixing positions of stars in the vedas 

The auspicious star, its position has to be determined 
at sunrise. But when the Sun rises, that star would not 
be visible (on account of the brightness of the Sun). 
So, before the Sun rises, watch for the adjacent star. By 
performing the rite with due time adjustment, one 
would have performed the rite at the correct time. Thus 
it was that sage Matsya perform the sacrifices of Yajnesu 
and Satadyumna to perfection. (KVS) 

12.3.1. faaifui *rr* frfe (Hnift 

tbr^+i or^n 

^5 STsT 4^1 fill <: *PTT5f I 
'HMil^^T 3TZFT ttstt *T II R II 



^■^r «£H»H<?wPtM w*r 1 1 3 1 1 

3Tvf <mdi 3TWT 

3TT *T H $-°ttd r^RT ^f^T 

3TT ^ TpT TO 3TT sr^T II * II 

19. 7.1-5) 

Vedic enumeration of asterisms 

The brilliant lights shining in heaven together, which 
through the world glide on with rapid motion. 

And days, and firmament with songs I worship 
seeking (the twentyeight-fold) for its favour. (1) 

Krttikas, Rohirti be swift to hear me. Let Mrgasiras 
bless me, help me Ardra, 

Punarvasu and Sunrta, fair Pusya, the Sun, Asksas, 
Magha, lead me onward. (2) 

May bliss be Svati and benignant Citra, may right 
Purvaphalgunis, and present Hasta. 

Radhas, Vis*akhas, gracious Anuradha, Jyestha and 
happy starred uninjured Mula. (3) 

Food shall be the Purva-asadha-s grant me; let those 
that follow bring me strength and vigour. 

With virtuous merit Abhijit endow me; Sravana and 
Sravisthas make me prosper. (4) 

Satabhisak afford me ample freedom, and both the 
Prosthapadas guard me safety. 

Revati and Asvayujas bring me luck and Bharanis 
abundant riches. 1 (5) 

x The seer of this hymn is Gargya, another of whose hymns, AV 
19.8, is also on the asterisms. The number of the asterisms as 28 
occurs in that hymn: 

a$tavimsani sivdni sugmani sahayogam bhajantu me I 

'Propitious, let the eight and twenty together deal me out my 
share of profit.' 

The Taittiriya Sarphita of the Tajurveda (4.4.10) also enumerates the 
asterisms, while the Rgveda mentions some of them in dfferent con- 
texts, as required for prayer and worship, e.g., Rohini (RV 1.62.9; 
8.93.13; 8.101,13); Punarvasu (RV 10.19.1) and Citra several times. 

For a documented study see, Satya Prakash, Founders of 
Sciences in Ancient India., ch. IV. 'Gargya, th first enumerator 
of constellations', pp. 125-51. 
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12. 3. 2. m TOeR^q" ^rrwiwr: i 

frfe^T ftf^ft 4^4| fill <l 3TT5f 5^T STT^ftqT WF: ^T^T- 

(AV Paris is ta 1: Naksatrakalpa t 1) 

Now we shall expound the science of constellations. 

(The constellations are:) Krttika, Rohim, Mrgaslras, 
Ardra, Punarvasu, Pusya, ASlesa, Magha, (Purva-) 
phalgum, (Uttara-) phalgum, Hasta, Citra, Svati, 
Visakha, Anuradha, Jyestha, Mula, Purvasadha, Uttara- 
sadha, Abhijit, Sravana, Sravistha, Satabhisak, Purva- 
prosthapada, Uttara -prosthapada, Revati, Asvayuk 
(Asvinl) and Bharanl. (KVS) 

12. 4. 1. ^ frf^T, F^T itf^ft, fwt +^lPfKl:, q?5TSSgff, 
<T^T ^T:, ^FT fa q^T FTTfa:, £ fw€, ^WtS^TTOT, l^T 

(AV Parisista 1: Naksatrakalpa, 2) 

Number of stars in the asterisms 

(The number of stars in the several constellations 
are :) 6 for Krttifoa ; 1 for Rohini ; 3 for MrgasUras ; 1 for 
Ardra ; 2 for Punarvasu ; 1 for Pusya ; 6 for Aslesa ; 6 for 
Magha; 4 for the Phalgunis (2 for Purva-phalguni and 
2 for Uttara-phalguni) ; 5 for Hasta ; 1 for Citra ; 1 for 
Svati; 2 for Visafcha; 4 for Anuradha; 1 for Jyestha; 
7 for Mula; 8 for the Asadhas (7 for Purva-asadha ; and 
1 for Uttaia-asadha); 1 for Abhijit; 3 for Sravana; 5 for 
Sravisiha; 1 for Satabhisak; 4 for the Prosthapadas ; 
(2 for Purva-prosthapada and 2 Uttara^prosthapada) ; 
1 for Revati; 2 for Asvayuk (Asvini) ; and 3 for Bbaram. 
Thus are the constellations limited in the number of 
stars. 1 

12.4.2. 3f^T f^TT [HdtVHSPT^ft *faWT ^W' ^IWl 

(Taitt. Satrihita, 4. 4. 5) 
Names of the stars in the asterism Pleidas 

(The names of the stars in the asterism Pieidas 
are): Amba, Dula, Nitatni, AbhrayantI, Meghayanti, 
Varsayanti and Cupunika. (KVS) 



1 For a documented study, see B.R. Modak, 'Naksatrakalpa', 
Proc. of the 26th International Congress of Orientalists, New Delhi, 1964, 
vol. Ill, pt. i, pp. 119-22. 



12. 4. 3. ^^Nlft^lW^^fi^nrsriHl^l-flfsSdil*! I 
c^T^T^ I m I riTPHHl W| M ^ I <| II 1 II 

mto^ «i^<ft<Vfi«4 ffir ii ^ it 

(Brahmagupta, KK, 1. 9. 1-2) 

Each of the nahatras, Mula, Purva-Bhadrapada, 
Uttara- Bhadrapada, AsVinT, Punarvasu, Visakha, Purva- 
Phalguni, and Uttara-Phalgani has two stars. The 
naksatras, Citra, Tisya, Satabhisaj, Ardra, Svati, and 
Revati, have one star each, Abhijit, Jyestha, Bharanl, 
Sravana and Mrgasiras have three stars each. Krttika, 
ASlesa and Magha have six stars each. Anuradha, 
Purvasadha and Uttarasadha have four each . Dhanistha, 
Hasta and Rohini have five stars each. (1-2). (BC) 

12.5.1. ^ dKM^m ^^^TKT^^Rt^^d<l I 

epfwft cfWT: ^Tcft m *\\*\4\<M\ II ? II 

^^t^TffifPr: %| ^R%feR: II Y II 

■ fe^^VI Tf^%fag^ft' WT^^T^Wrt: II ^ II 

^4|fa^ l < hTt H^+ifl4T*klKl: l-l ^ II 

Brahmagupta, KK } 1.9.3-6) 

Longitudes of Junction stars 

That star, which is the brightest of all the stars in each 
naksatra, is called its yogatdrd. The dhruvakas of the 
yogatdrds are given below. (3) 

The following are respectively, the dhruvakas of the 
yogatdrds in the naksatras beginning with Asvinl, by 
means of which their conjunction with planets is 
considered. 

8°; 20°; 1 sign 7° 28'; 1 sign 19° 28'; 2 signs 3°; 
2signs 7°; 3 signs 3°; 3 signs 16°; 3 signs 18°; 4signs 9°; 
4 signs 27°; 5 signs 5°; 5 signs 20 Y 6 signs 3°; 6 signs 
19°; 7 signs 2° 5 ; ; 7 signs 14° 5 7 ; 7 signs 19° 5'; 8 signs 
1°; 8 signs 14°; 8 signs 20°; 8 signs 25°; 9 signs 8°; 
9 signs 20°; 10 signs 20°; 10 signs 26°; 11 signs 7°, and 
12 signs. (4-6). (BG) 

12. 5. 2. 'iFsn^RT:' ' q^fdl ' l Tm?\ 

'f^cff ' y*w<r 'TOT' W:' I 

' ^nH^ feprepft' '*MIjW:' II T II 
'w^' ' y*H«r 'w^tt' 



12.5.2 
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Mj^Y '^ptft:' c Mm*[<\' 

(Lalhi, SiDhVr., 11. 1-3) 

It has been said by the ancient sages that the positions 
of nuksatras, Asvini etc., in their respective portions are, 
respectively, 48', 40', 56', 54', 52, 20', 72', 70', 44', 48', 
36', 44', 78', 66', 62', 72', 52', 8', 6', 4', 4', 19', 18', 40', 
42', 12', and 74', each multiplied by 10. 

They also say that the polar longitude of each naksatra 
is equal in minutes to the sum of its portion and 800 
times the number of the naksatras preceding it (that is, 
its own number less l). 1 (1-3). (BC). 

12. 5. 3. 3TOK**r feft h^i^tm ^fl^T: I 

feft WF^f^^f^^rf^T^TT MRU 

(Bhaskara I, LBh., 8. 1-4) 

Eight, eighteen, ten, fourteen, twelve, eight, twenty- 
two, thirteen, nine, fourteen, thirteen, thirteen, nineteen, 
twelve, twelve, fifteen, ten, six, thirteen, thirteen, 
twelve, eighteen, eleven, twelve, twenty-one, seventeen, 
and fifteen— each of these numbers being increased by 
(the sum of) the preceding numbers, in the order in 
Which they have been stated above, are to be taken as 
the degrees of the longitudes of the junction-stars of the 
^twenty-seven) naksatras. To the longitudes of (the 
junction-stars of) Purvasadha, Sravana, Mula, Magha, 
Dhanistha, Bharani, and Uttarasadha (thus obtained), 
one should further add thirty minutes (of arc). 2 (1-4). 
(KSS) 



i See mathematical notes, SiDhVrx BC, II. 189. 

a The junction-stars (yogatara) of the naksatras are the prominent 
stars of the nakfatras which were used for the study of the con- 
junction of the planets, especially the Moon, with them. 

The longitudes of the aforesaid junction-stars are, in seven cases, 
slightly different from those given in the author's earlier work, the 



12. 5. 4. TOT TSFPJ1T: WKlRdNd+i: 

^ l ^ l THHl TOW <*N«tI*W I: II ^ II 

wrarr: ^qwr 

w^rr^qw^ ^^jfWT: II 3 n 

(Bhaskara II, SiSi., 1. 11. 1-3) 



Maha-Bhashariya, (obviously, as a result of further observation and 
study). The differences are exhibited by the following table: 

Differences between the longitudes of the junction-stars 
in the two works of Bhaskara I 



Junction-star of 



longitude given in 



Maha 
Bhdskariya 



Ldghu- 
Bhdskariya 



Celestial- 
latitude 



1 . Asvini 

2. Bharani 

3. Krttika 

4. Rohini 

5. Mrgasira 

6. Ardra 

7. Punarvasu 

8. Pusya 

9. Mesa 

10. Magha 

1 1 . Parva Phalguni 

12. Uttara Phalguni 

13. Hasta 

14. Gitra 

15. Svati 

16. Visakha 

17. Anuradha 

18. Jyestha 

19. Mula 

20. Purvasadha 

21. Uttarasadha 

22. Sravana 

23. Dhanistha 

24. 'Satabhisak 

25. Purva-Bhadrapada 

26. Uttara-Bhadrapada 

27. Revati 



8° 


8° 


10° N 


27° 


26° 30' 


12° N 


Is 6° 


Is 6° 


5°N 


Is 19° 


Is 20° 


5°S 


2s 2° 


2s 2° 


10° s 


2s 10° 


2s 10° 


11° s 


3s 2° 


3s 2° 


6° N 


3s 15° 


3s 15° 





3s 24° 


3s 24° 


7° S 


4s 8° 30' 


4s 8° 30' 





4s 21° 


4s 21° 


12° N 


5s 4° 


5s 4° 


13° N 


5s 23° 


5s 23° 


7° S 


6s 5° 


6s 5° 


2° S 


6s 17° 


6s 17° 


37° N 


7s 2° 


7s 2° 


1°30'S 


7s 12° 


7s 12° 


3° S 


7s 18° 


7s 18° 


4° S 


8s 1° 


8s 1° 30' 


8°30'S 


8s 14° 


8s 14° 30' 


7°S 


8s 27° 


8s 26° 30' 


7° S 


9s 15° 


9s 14° 30' 


30° N 


9s 26° 


9s 25° 30' 


36° N 


10s 1° 


10s 7° 


18' S 


10s 28° 


10s 28° 


24° N 


lis 15° 


lis 15° 


26° N 


12s 


12s 
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The polar longitudes of the stars from Asvini including 
Abhijit are as follows : 







r .d m 


I. 


Asvini 


0- 8- 


2. 


BharanT 


0-20- 


3. 


Krttika 


1- 7-18 


4. 


Rohinl 


1-19-18 


5. 


Mrgasirsa 


2- 3- 


6. 


Ardra 


2- 7- 


7. 


Punarvasii 


3- 3- 


8. 


Pusya 


3 16- 


9. 


Aslesa 


3-18-0 


10. 


Magha 


4- 9- 


11. 


Purvaphalguni 


4-27- 


12. 


Uttaraphalguni 


5- 5- 


13. 


Hasta 


5-20- 


14. 


Gitra 


6- 3- 


15. 


Svati 


6-19- 


16. 


Visakha 


7- 2- 5 


17. 


Anuradha 


7-14- 5 


18. 


Jyestha 


7-19- 5 


19. 


Mula 


8- 1- 


20. 


Purvasadha 


8-14- 


21. 


Uttarasadha 


8-20- 


22. 


Abhijit 


8-25- 


23. 


Sravana 


9- 8- 


24. 


Dhanistha 


9-20- 


25. 


Satabhisak 


10-20- 


26. 


Purvabhadra 


10-26- 


27. 


Uttarabhadra 


11- 7- 


28. 


RevatI 


0- 0- 



ifl^dKlfaOTT: 

12. 6. l. *ft«rr ^*faw*TFJTr: 3rw*m«ii tstt: *ffarr: i 

^^ ^ ^^\ H^H^rrM\^m< \: U I II 

^td|^n^<l faHNffi^H< I ^H : 1 1 <\o || 
MM4l±l>ldKl f^TTO": ^rrf^FTft^": I 
3TP#qW +Hldlfi+ : ldf%Wr ftt: II <H II 
McH^l^l^HrH^Wi: wf^fenWTT: I 
qdqm<fll H^^J^^ f^RTT fT#: II <\R II 

t^tPt ^ftml^ftr fafakiMHJift' ^<d: ii it 

(Brahrnagupta, KK, 1. 9. 8-13) 
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Latitudes of the Junction stars 

The following are respectively, the viksepas of the 
yogatdrds in the mksatras beginning with Asvini: 

10° N, 12° N, 5° N, 5° S, 10° S, 11° S, 6° N, 0°, 7° S, 
0°, 12° N, 13° N, 11° S, 2° S, 37° N, 1J° S, 3° S, 4° S, 
8|° S, 5 1/3° S, 5° S, 62° N, 30° N, 36° N, 18' S, 24° N, 
26° N and 0°. (8-10) 

The viksepas of the yogatards of Rohinl, Krttika, Gitra, 
Visakha, Anuradha and Jyestha should be, respectively, 
decreased by 27', 29', 15', 7', 76', and 30'. (11-12). (BG) 

Three stars from Rohiri (that is, Rohir.i, Mrgasiras 
and Ardra), Aslesa, two stars from Hasta, (that is, Hasta, 
and Gitra) and six stars from Visakha, (that is, Visakha, 
Anuradha, Jyestha, Mula, Purv£sadha, and Uttara- 
sadha), have viksepas to the south. (Satabhisaj also 
has Viksepa to the south). The remaining stars, (that 
is r Asvini, Bharam, Krttika, Punarvasu, Purva Phalguni, 
Uttara Phalguni, Svati, Abhijit, Sravana, Dhanistha, 
Purva Bhadrapada and Uttara Bhadrapada), have 
viksepas to the north. (Tisya, Magha and RevatI have 
no' 'viksepa). (BG). (13). (BC) 

12. 6. 2. ^ tHfrM I HH l Efl H Y <* M 

( Tmx f r TT^r' W W ii % ii 

^IIM^T SSFT r«(4^id W 

^WFZ WTBT fafdfadl^Hi: I 

(Lai la, SiDhVr., 11. 4-8) 

The following are, respectively, the polar latitudes of 
the naksatras, Asvini etc., measured from the ends of 
their respective declinations on the ecliptic correspond- 
ing to their polar longitudes. (4d) 

(They are) 10°, 12°, 5°, 5°, 10°, 11°, 6°, 0°, 7°, 0°, 
12°, 13°, 8°, 2°, 37°, 1°, 30\ 3', 4°, 8° 30', 5° 20', 5°, 
30°, 36° 20', 24°, 26° and 0°. 

1° is equivalent to 24 ahgulas. (5-7). (KVS) 

12. 6. 3. s^r f^rfwrfr feft *renr: i 

MOTT ©zffa ^f^FT 4HH^li>H<^ II % II 



1 The Vikfepa of a yogatarai& the distance of the yogatara from 
its dhruvaka measured on its dhruvaprota. 
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^^fi^Tfrfa: spruit jtF# fakllfo^d"^!: 11^ 1 1 

fttB^WT: Tf^^ff^nnfer: II 5. Il] 

(Bhaskara I, LBh., 8. 6-9) 

North, ten, twelve, five; south, five, ten, eleven; 
north, six, zero; south, seven, zero; north, twelve, 
thirteen; south, seven, two; north, thirty-seven; south, 
one and a half, three, four, eight and a half, seven, seven ; 
north thirty, thirty-six; south, eighteen minutes of arc; 
north, twenty-four, twenty-six, and zero — these have 
been stated by the learned to be the degrees (unless 
otherwise stated) of the latitudes of the junction stars 
of the naksatras beginning with Asvinl in their serial 
order. 1 (6-9). (KSS) 

12. 6. 4. fc?flM>f*M *TTSffssPT: *rnJ#3T 

3<^IHq : ^fTRT ^ ^HT II y u 
f^TK g^f srmwiiH *TTOf 

WU Zfa*n ^xTU: sfa^TTTR; II \ II 

(Bhaskara II, Si£i. t 1. 11. 4-6) 

Rectified latitudes of the stars 



1. 


As vim 


10°- north 


2. 


Bharanl 


12°- north 


3. 


Krttika 


4-30 north 


4. 


Rohini 


4-30 south 


5. 


MrgaSira 


10- south 


6. 


Ardra 


11-0 south 


7. 


Punarvasu 


6- north 


8. 


Pusya 


0- north 


9. 


ASlesa 


7- south 


10. 


Magha 


0- north 


11. 


Purvaphalguni 


12- north 


12. 


UttaraphalgunT 


13- north 


13. 


Hasta 


11-0 south 



14. 


Gitra 


l°-45' south 


15. 


SvatI 


37°- north 


16. 


Vi^akha 


1-20' south 


17. 


Anuradha 


1-45 south 


18. 


Jyestha 


3-30 south 


19. 


Mula 


8-30 south 


20. 


Purvasadha 


5-20 south 


21. 


Uttarasadha 


5- south 


22. 


Sravana 


30- north 


23. 


Abhijit 


62- north 


24. 


Dhanistha 


36- north 


25. 


Satabhisak 


0-20 south 


26. 


Purvabhadra 


24- north 


27. 


Uttarabhadra 


26- north 


28. 


Revati 


0- north 



1 For elucidatory table, see LBh.iKSS, p. 97-98. 



12. 7. 1. 3HIHAHWI ft^rffs^T^f^RfT- 

UlUti AiVWHfa #^t: II || 

TO f^w^T: fn^k: II e; II 

(Lalla, SiDhVr., 11.5-8) 

Longitudes and Latitudes of Canopus etc. 

The polar longitude of Agastya is 2 r 27°. (When the 
true longitude of a planet is the same as this), there is 
conjunction of the planet and Agastya. (7c-d) 

The polar longitude of Mrgavyadha (Lubdhaka) is 
2 r 26° and that of Abhijit is 8 r 27°. The polar latitudes 
of Agastya, Mrgavyadha and Abhijit are respectively 
80° S, 40° S and 64° N. (8). BG) 

12* 7. 2< 3i o\\ fct^H i , *i*(T*'^ i^T^ H^w^Tl f^^T^TT'TT^T . I 

f%?f ^ fwiFTRT ^Mlrff sq^ftq^r: 1 1 <\ o 1 1 

jcl^H^I^I «iNilfaKI*HHHl1 II II 
3^rpff: f^ldl ftf^cTT^TRW eft I 

PuSsT fr#TSpOT Fg^H II V, II 

{SUSi. 9 8. 10-12) 

Agastya is at the end of Gemini, and eighty degrees 
south; and Mrgavyadha is situated at the twentieth 
degree of Gemini; (10) 

Its latitude (viksepa), reckoned from its point of 
decimation (apakrama), is forty degrees south; Agni 
(hutabhuj) and Brahmahrdaya are Taurus, the twenty- 
second degree: (11) 
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And they are separated in latitude (viksipta), north- 
ward, respectively, eight and thirty degrees. Having 
constructed a sphere, one may examine the corrected 
(sphuta) latitude and polar longitude (dhruvaka) (12). 
(Burgess) 1 

12. 7. 3. 3RM^: tlkMWKd WIT- 

'^SWlftj' WIT: «KWW ^TRT: II \9 II 

f^TPrrfsRT ^^HNH u Ni 

dcHMlfcRr dKd«H *<r u AH II s II 

(Bhaskara II, SiSi., 1.11.7-8) 

The polar longitudes of Agastya (Canopus) is 87° 
and its polar latitude is 77° south. The polar longitude 
of Lubdhaka (Sirius) is 86° and its polar latitude is 40° 
south. (7) 

The Istanadis for Agastya are said to be two, for 
Lubdhaka 2 \, for other stars which are next in size, 
2 \ and for still smaller ones the Isfanadis are to be taken 
still more. 2 (8). (AS) 

12. 8. 1. 3trr w^m *H*r: smrft* qfsrfer i 

qdfc^H^fe^d : Tm^ II 3 II 

MHK^d1^^<=l<K^^rd cT3T MT: II V || 

d^ l fy^d^fafrl^K^ : fryKrW II K U 
^Rfd ^FTTRTWT apTWn" ^f^TRT I 

^ «iRh*»6 *i Pi q <.+jm P^h n i ^SRTt ^rn^t u %, u 

(Varaha, £r &zm., 13. 3-6) 

The Great Bear 

The Seven Sages were stationed in the aster ism 
Magha when king Tudhisthira was ruling over the eaith 
The commencement of the Saka era took place 2526 
years after the period of that monarch. (3) 

The Sages traverse through each lunar mansion for a 
period of 100 years. Whichever constellation makes 
them conspicuous when they rise to the east of it, in that 
they are said to be situated. 3 (4) 



1 For notes, see SuSi: Burgess, pp. 245-48. 

8 For the assumptions involved, see Si$i:AS, pp. 506-12. 

3 It wasbelieved by the authors of the ancient Jyotisa Sarjnkitds that 
the Seven Sages had a motion of their own among the other stars, 
just like the planets, the rate of motion being 100 years per asterism 
(13° 20'). It has, however, to be stated that there is no such motion 
as claimed, and that the theory of their motion is wrong, howsoever 



Among the Sages, the revered Marici is situated in the 
east; to his west is Vasistha; to his west is Angiras; to his 
west is situated Atri; and close to him is Pulastya. Next 
to him are in order Pulaha and Kratu. Arundhati, the 
paragon of virtue, is close to the great Sage Vasijtha 
among them. (5-6) (M.R. Bhat) 

12.9.1. spq- TOdMJH MdW^-^d STR^ II % II 

m<h^i s*reNr<^fa.$>n TOf: it ^ ii 
w^t*m<v\\w\<M\&U\m\&y\: n * n 

^TR *TTSTW JTfijW TT^3t?mT II ^ II 

3rsmtfy^^^^i"ii Jiwildfaftd+i ^rftT^r: i 
*TOrrfwr; ? m\ ^fWrsfififwr ^ifef^T: i 

mfo ^4d4HI TRPTRT ^iPd^dl femr: ll^ll 

frTT <sl<J*i+*^+d d<r*1<*l«MI fo+vMN^ II ^ II 
\Brahmagupta, A7T, 2.1.6-12 



it might have originated. That is why many standard astronomers 
like Aryabhata, Brahmagupta, Sripati, Bharkaras I and II, the 
author of the Suryasiddhdnta etc. do not deal with the subject at all, 
as being outside the pale of real astronomy. That is also why 
KamaJakara is constrained to say in his Siddhanta Tattvaviveka, 
(edn. Banaras, 1880-85), Bhagrahayutyadkikara, w. 25fF.: 

Sakalyasamjfiamunina kathitas sabanah 
saptarsitarakabhava dhruvakas" calaS ca If 25a |j 

#•#•••* 

yair golatattvam vivrtam hi tais" ca 
Siiryadibhir naiva v^esa esah | 

proktahi svaSastre e sti gatir muninam 
ato na yukta divi golaritya || 30 || 

adyapi kairapi narair gatir aryavaryaihi 
drsta na yatra kathita kila Samhitasu | 32 J 

prayc tha te ca munayah kila devatarn^a 
drggocara nahi nrnam iha satphalaptyai | 36a | 

( Sage iSakalya has given the motion of the Sages with their 
positions in his time. . . . Surya and others who explain the nature 
of the celestial sphere in their works do not give it, and therefore 
the theory cannot be sustained astronomically. , . . Even today 
this motion mentioned in the Samhitas is not observed by 
astronomers. . . . Therefore the seven real Sages who are the 
presiding deities (of these stars) are only to be supposed to be moving 
unobserved by men, for the prediction of the fruits thereof 

But the motion has been accepted as a fact by certain common 
people and the authors of the Puranas, and an era called Laukika Era 
by the people belonging to the Kashmir region and the Saptarsi Era 
by the Puranas has been founded upon this theory. For a full 
discussion on the subject, see T.S.K. Sastri and K.V. Sarma, 'The 
untenability of the postulated Saka era of 550 B.C.', Jl of Indian 
History, 37 (1959) 201ff., see esp. pp. 208-18. 
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Asterism computation according to Paitaiiiaha 
Siddhanta 

Now I shall correctly describe the computation of 
naksatras according to the Paitdmahasiddhanta. (6b) 

Six naksatras are adhyardhabhogi (that is, each of them 
occupies 11 of 790' 35", the mean daily motion of the 
moon, along the zodiac); 6 are ardhabhogi (that is, each 
occupies £ of 790' 35") ; and Abhijit has a special exten- 
sion of its own. (7) 

Rohir.i, Punarvasu, Visakha, Uttara Bhadrapada, 
Uttara PhalgunI and Uttarasadha are the six adhyardha- 
bhogi naksatras. Jyestha, Bharari, Svati, Ardra, 
Satabhisaj and Aslesa are the six ardhabhogi. The re- 
maining 15, excluding Abhijit, are samabhogi. Abhijit is 
the twenty-eighth naksatra and its extension is different 
from that of the above 27 naksatras. The extension of 
each naksatra along the zodiac is not the same, and not 
generally known to the common people. (8-9) 

Multiply the number of minutes in the mean 
motion of the moon by 3/2, \ and 1 . The products give, 
respectively, the extension in minutes of an adhyardha- 
bhogi, ardhabhogi and samabhogi naksatra. 

Add together the extensions of all the 27 naksatras. 
Subtract the sum from 21,600. The remainder is the 
extension of Abhijit in minutes. 

Subtract as many extensions of the naksatras as possible, 
beginning with Asvini, from the longitude of a planet 
converted into minutes. (The planet is in the next 
naksatra after having passed the naksatras whose exten- 
sions have been subtracted.) The . remainder is, the 
portion of the current naksatra passed by the planet. 
Divide the portions passed and to be passed by the 
planet's daily motion. The results are, respectively, 
the number of days since the planet entered the current 
naksatra and the number of days the planet will remain 
in that naksatra. (10-11) 



To find the arc corresponding to a given jya, first 
subtract from the jyd as many tabular differences as 
possible. Multiply the remainder, called vikala, by 
900 and divMe the next tabular difference. The result 
gives roughly the arc in minutes corresponding to the 
vikala, as the jyd. Find the bhogyakhanda from this arc 
(see KK. II. 1.4.). Repeat the process tilll the bhogya- 
khanda is fixed. This will give the correct value of the 
arc in minutes corresponding to the vikala as the jyd 
(and hence the required arc). 1 (12). (BC) 

12. 10. l. srfrr: srsrnft: *ft*ft ^sftfN^*r%: i 

fH^kK I Hl f fari^lwN' ^ II 33 H 

ffST^cfT WcfT rr^nftw*l+Hpi| I 

(TV-VJ 32-35; RV-VJ 25-28) 

Asterisms and presiding deities 

Agni (is the presiding deity of Krttika), Prajapati (of 
Rohini), Soma (of Mrgafirsa) , Rudra (of Ardra), Aditi 
(of Punarvasu), Brhaspati (of Pusya), Serpents (of 
Aslesa), Pitr-s (of Magha), Bhaga (of Furva-phalguni), 
Aryama (of Uttara-phalgunl), Savitr (of Hasta), Tvasta 
(of Citra), Vayu (of Svati), Indragni (of Visakha), Mitra 
(of Anuradha), Indra (of Jyestha), Niirti (of Mula), 
Apah ok Waters (of Purvasadha), VisVedevah (of Uttaia- 
§adha)Qwaruna (of Satabhisaj), Aja-Ekapad (ofPiirva- 
Bhadrapada), Ahirbudhnya (of Uttara-Bhadrapada), 
PCisa (of Revatl), Asvins (of Asvini), and Yama (of 
Bharam). People learned in the religious lores say that 
these deity-names are to be used as the sacrificed 
(sacrificial) name in sacrifices. (32-35). (KVS) 



i For the rationale, see KK:BC I, 138-39. 




13. JfU» — PLANETS 



13. 1. I. 1 11*1 A 5m Sf^TT 

<?nfr ^gw, 3 11 u 11 

(Vidyamadhava, Vidyamadhaviya, 1. 19) 

The planets 

From among the (nine) planets, the first two (viz., 
Sun and Moon) are luminous, the five (viz., Mars, 
Mercury, Jupiter, Venus and Saturn) are star-planets, 
and the last two (viz., Ra.hu and Ketu) are dark (and, 
so, invisible) planets. Of the star-planets, the middle 
three (viz., Mercury, Jupiter and Venus) and also the 
(astrologically) strong planets and the Moon are beni- 
ficcnt; the rest are baneful. (19). (KVS) 

13. 2. 1. 3HTt T^ft^oft WW <TC«m?r ft*:' I 

SRTSzf fl^'ft & II <\° II 

" (RV, 1.105.10) 

Planets referred to in the Vedas 

These five mighty (gods) were seen on the vast expanse 
of the sky. Even though they were seen coming together 
when 1 composed the hymns in honour of the gods, they 
have all gone away today. ^10) 

13. 2. 2. 4^td : *IWHHt 

^m<N<tiHd dHiRi 11 * 11 

(RV, 4.50.4) 

Jupiter 

Brhaspati, when being born in the highest 
heaven of supreme light, seven -mouthed, multiform 
(combined) with sound, and seven-rayed, has subdued 
the darkness. (4) 

13. 2. 3. f^FTfa: ^IWT- 

fcrPST TOGPrfTO**^ II X II 

[Tail. Br., 3.1.5) 

Brhaspati, when first appearing, rose in front of the 
Ti§ya (Pusya) constellation. (5) 



13. 2. 4. m t^r^fkw sPM<i*rf 
3 wrf src% ^4f^ 

ftRT ?T ftTTT *rft*ft R^Pd II <i II 

(#K, 10.123.1) 

Venus 

This Vena, enfoldened in the membrane of light, 
urges on (the waters) the germs of the Sun in the firma- 
ment of water; the sages cherish him at the confluence 
of waters, and the Sun with endearments, like a 
child. (1) 

— faTTg: 

13. 3. 1. Tfen%ft: t^t m srcffw f^m^Hft^rf^r i 
srfsnrrcrrw t*i C&h M <«=i *fl P^^i^ih n 11 

' ^N^dl^i J^faWTft ^f^"Rf II ^ II 

(Vahara, PS, 12.1-2) 

Days from Epoch — Paitamaha 

The Siddhanta of Pitamaha teaches that the luni-solar 
yuga is made up of five years. After every thirty synodic 
months there is an intercalary month, and there is an 
omitted day for every 62 lunar days or tithis. (1) 

Subtract two from the years of the elapsed Saka era, 
and divide out the remaining years by five. The e days 
from epoch* are to be calculated for the remaining years 
etc., the first day being the iuklapratipad of the month of 
Magna. The nafyatras of the Sun and the Moon, 
calculated by using the days, are for sunrise. 1 (2). (TSK) 

13. 3. 2. '^f^nrft^'^fw «fm»m*wiw fcnypRT^ i 

a rafcdfrd wrfl ztf^X «W«M<H«: 11 x II 

^OTcfts fa H I q ft-d ¥K H fe rfiTWt II £ II 
'^r'sT: ^'TPjmY *T®sft?ft V l ^W fofow: I 
ft»T#HOT^Sif ^ifdRX ^tftrtscif^T II V II 



1 For detailed elucidation, rationales etc., see PS:TSK, 12.1-2. 
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fafa^OTM OTrcftmwrf 'w<ihUi'^: I 

(Varaha, PS, 1.8-13) 

—Romaka and Paulina 

Deduct 427 from the Saka year (elapsed) of the time 
taken. Multiply the remainder by 12. Add the 
months gone, counting from Gaitra. Put this result in 
two places. In one place, multiply it by 7, divide by 
228 and take the quotient which constitutes the inter- 
calary month?. Add this to the result kept in the second 
place. (The total are synodic months gone) . Multiply 
this by 30 and add the tithis counted from sukla-pratipad 
to the current titki. Put the sum in two places. In one 
place multiply by 11, add 514, divide by 703 and take 
the quotient, (which constitute the elided days or 
avamas). Deduct this from the sum put in the other 
place. The remainder are the 'Days from Epoch 5 
(dyugana), the moment of epoch being mid-sun -set at 
Yavanapura, beginning Monday, when the first titki 
of Gaitra was about to begin. 

This rule is according to the Romaka. It can be 
taken as the Paulisa rule also provided the time taken for 
computation is not very far from the epoch, (or, the 
part of the rule for avania may be used for the Paulisa 
also, provided the taken days is not very far fiom the 
epoch ; or in the Paulisa too the movement of epoch is 
mid-sun-set at Yavanapura, beginning Monday). (8-10) 

(The formula for 'Days from Epoch' according to the 
Paulisa is as follows:) Deduct 427 from the Saka year 
(elapsed), Multiply by 12 and add the months gone 
from Gaitra, Multiply by 30. The £ Solar days' to the 
end of the current solar month are got). Multiply the 
'Solar days' by 698, and divide by 9761 . The quotient 
$re the intercalary months. (Multiply the months got 
by 30 and add to the 'Solar days', and also the tithis 
from suklapratipad, inclusive of the current titki* The sum 
is the tithis gone from epoch. Multiply this by 11), 
add 444, (and divide by 703. The quotient are the 
elided days. Deduct this from the tithis gone. The 
remainder are the 'Days from epoch 5 .) (1 1) 

For greater accuracy in finding the intercalary months 
by the above formula, add 1/10 'Solar days' to the 'Solar 
days' for every 107 years, and for still greater accuracy, 
add an extra 1/10 'Solar day' for every 550 such 1/10 
'Solar days' added, (i.e., for 55 'Solar days' added) . In 
the same way, in getting the elided days, for every 245 
years add 1/11 tithitathe tithis gone and for every 2,03,279 
such additions omit one addition. (12-13). (TSK) 



13. 3. 3. m^s^^rfr^^ ^i^^ | Uh \WA*Wt : I 

'q^^f fa H c< f ?T ' 'cferEft HTfarT: I 
' fcHsHV jpT: q^TTWTraWs^T^ftS^ff^: II X II 

(Brahmagupta, KK, 1.1.3-6) 

— Midnight system of Xryabhata 

Deduct 587 from the Saka year. Multiply the 
remainder by 12, Add to the product the number of 
months elapsed since the light half of Gaitra. Multiply 
the sum by 30. Add to the product the number of 
tithis elapsed since the last Amavasya. (The result is 
taken as the total number of sauradinas elapsed). Add 5 
to this result. Put down the sum in two places. (3) 

At one place, divide it by 14,945. Subtract the result 
thus obtained from the sum in the other place. Divide 
the remainder by 976. The quotient gives the number 
of adlimasas. Convert it into days. Add the result to 
the number of sauradinas obtained above. (The sum is 
the total number of candrad'inat elapsed.) Multiply this 
number by 11. (4) 

Add 497 to the product. Put down the sum in two 
places. At one place divide it by 1,11,573. Subtract 
the result thus obtained from the sum in the other 
place. Divide the remainder by 703. The quotient 
gives the number of (ammardtras) . s Subtract the 
quotient from the number of candradinas obtained 
above. The result is the akargana in sdvana units 
beginning from Sunday. (5) 

Adhimasasesa and Avamasesa, calculated in the above 
manner, should be increased by 17 and 14 ghatikas, 
respectively. 

The Moon's Ucca and Fata (calculated, according to I. 
13, 14) when decreased by 5" and 10", respectively, 
(become equal to (those given by Aryabhata in his 
Ardharatrika or Midnight System). 1 (6). (BC) 

— ^TR^r: \ 

13. 3. 4. 'q ? l sM*lpH '#qftcrr: ^I^T STCSTT^m: I 
^TfeTTtTH^^TT: ^TWT ^TTfST*: 11*11 

^mfTd'sfsyw^Ki:' t^wu^i: II X II 

1 For the rationale and formulae involved, see KK:BC } 1.90-95. 
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f^TTfH" qWT^T ?f^M mim: II ^ II 

g^rroqr'^ O^d"** 1 ^^ !*l <l n#^*f^T: I 

< ®\h6{w<i6 ift HQQ\[*r\m ^^'' II ^ II 

*F<rf3" *TO wfotfo»0<wM II ^ II 

(Bhaakara I, U5A., 1.4-8) 

-Bhaskara I 

Add 3179 to the (number of elapsed) years of the 
Saka era, (then) multiply (the resulting sum) by 12, and 
(then) add the (number of lunar) months) expired (since 
the commencement of Gaitra. Set down (the result 
thus obtained) at (two) separate places; multiply (one) 
by (the number of) intercalary months in a. yuga, which 
are 15,93,336 in & yuga: and divide (the product) by 
5184 X 10,000 (i.e., by 5,18,40,000). (4-5) 

Add the (resulting complete) intercalary months to 
the result placed at the. other place. Then multiply 
(that sum) by 30 and (to the product) add the (lunar) 
days (i.e., tithis) expired (of the current month). Set 
down (the result thus obtained) in two places; multiply 
(one) by the (number of) omitted lunar days in a. yuga, 
i.e., by 2,50,82,580, and divide by 1,60,30,00,080. (6-7) 

The result forms the (complete) omitted lunar days, 
which when subtracted from the result put at the other 
place gives the (required) ahargana. The remainder 
obtained on dividing (the ahargana) by 7 gives the day 
beginning with Friday at sunrise (at Lanka), (6-8). 
(KSS) 

— ^n*HJ 

13. 3. 5. '^nf^TI^'^ft 

^ff: ^«T^pft- ^raf^TfSTOft: IM3 II 

^TfTf^t II W II 

^rf% ^WT: JffinT: II n II 



^q- spruftWTF *T#<T II <\% II 

(Lalla, SiDhVr., 1.12-16) 

— Laila 

The Saka year, (when the civil days are required), 
added to 3179 gives the solar years elapsed since the 
beginning of the Kaliyuga. Multiply the number by 
12 and add the months (beginning from Gaitra) passed 
in the currentyear. Multiply the sum by 30andadd the 
number of tithis elapsed (since the last amavasya) . (12) 

Put down the result at two places. (At one place) 
multiply it by the number of intercalary months (in a 
yuga) and divide by the number of solar days. The result 
is the corresponding number of intercalar> months. 
Change it into days and add to the result at the second 
place. Put down the sum at two places. (At one place), 
multiply it by the number of omitted tithis (in a yuga) 
and divide the number of tithis (in the same period). 
The result is the corresponding number of omitted 
tithis. Subtract it from the sum at the second place. 
The remainder is always the number of civil days or 
ahargana elapsed since the beginning of the Kaliyuga (till 
the given day) and is counted from Friday, at mean 
sunrise at Lanka. (13-14) 

Alternate method 

Or, the solar months elapsed since the beginning of 
the Kaliyuga multiplied by 22,26,389 and divided by 
21,60,000 give the corresponding lunar months. Con- 
vert them into days and add the tithis elapsed (since the 
last amavasya). Multiply the sum by 7,88,95,875 and 
divide by 8,01,50,004. The result increased by 1 is the 
ahargana required. 1 (15-16). (BC) 

— *<"KH*I 

13. 3. 6. w&w %r^' rfamwi swmr* i 

srqfr fsr^T faro: 'WRW^Tf^rT^t^ I 
't^ftf^TOTT^TW ii V9= iV* 

SHSfoT 5f '^f'fcm *H*lfePw<T: *W II =: II 

(Deva, KR, 1.5-8) 

— Karanaratna 

Diminish the (current) Sdka year by 61 1, then multiply 
by 12, then add the number of months elapsed (since the 



1 For the rationale, see SiDhVf.'. BC, II. 8-13. 
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beginning of the month of Caitra), then multiply by 30, 
and then add the number of tithis (lunar days) elapsed 
(of the current month). (Set down this result in three 
places one below the other). Divide the result in the 
third (lowest) place by 14,945, then subtract the quotient 
(obtained) from the result occupying the middle place, 
then add 837, then divide by 976, then multiply the 
resulting intercalary months by 30, and then add what is 
obtained to the result in the uppermost place, Set down 
this result (again) in three places. Divide the result in 
the lowest place by 30,325, add it to 11 times the result 
in the middle place, then add 644, then divide the sum 
by 703, and then subtract the resulting omitted lunar 
days from the result in the uppermost place. This is 
known as Suddha-dina (or Ahargana) . This being divided 
by 7, the remainder counted from Friday gives the lord 
of the current day. 1 (5-8). 

— 4 l *m<UH 

13. 3. 7, ^T^fT 'm^Vr: W^tVr *ppr: I 

[VK, 1. 2-3) 

— Vakyakarana 

(The Saka year plus 3179 gives the Kali year.) 
Multiply the Kali year elapsed by 365. Add a fourth 
of the years. Add to this the days, (nadikds etc.) got 
by multiplying the years by 5, deducting 1237 and 
dividing by 576. This gives the Kali days to the end of 
the True Solar year, 2 the first (Kali) day being a Friday. 
(2-3). (TSK-KVS) 

— Ug«HM«H 

13. 3. 8. 's^M'ftw W|rof 



1 Thus, to find the Ahargapa for (T+l)th tithi in the (M + l)th 
month of Sdka year S elapsed), one has to proceed along the following 
steps : 

Stepl: S— 611= A, say. 
Step 2: 12A+M=B, say. 
Step 3: 30B+Ts=C, say. 



[{ 



Step 4: C+M (C-- C/14945) + 837 



Step 5: D—l (11 D+D/30325) +644 



) 976j 

1 



say. 



1 

703 



= Ahargana. 



For the rationale see KR: KSS,pp. 3-5. 

2 For worked out example see VK: TSK-KVS, pp. 250-251. 

The Kali days are usually computed for sunrise, so as to be full 
days. For this purpose the fraction is left out or considered as full 
according as the Ne\v Year begins in the daytime or night-time. 
To get the Kali days for any date, add to this the days gone in the 
year. 



srrc: Frr^T'^w^s^'TcT n * n 

(Ganesa, GL, 1.4-5) 

■ — Grahalaghava 

Subtract 1442 from the given Saka year. Divide by 
11. The quotient is termed cakra. Multiply the re- 
mainder by 12. Add to this the number of months that 
have elapsed from cakra. Keep the result, separately (*). 
Find x+2 cukra+lQ. Divide by 33. The quotient gives 
the adhimdsas, intercalary months, (y). (4) 

Find (#+j>).30. Add the number of tithis -that have 
elapsed . To the result add one-sixth of cakra. Let it be 
z. Divide z by 64. The quotient gives the elapsed days. 
Subtract the ksayadina from z to get the ahargana (a) . 

(To determine the day of the week:) Find the 
remainder in (a+5Xcakra)^7. The remainder gives 
the days that have elapsed from Monday. 1 (5) . ( VSN) 

13. 4. 1, ^Kfa*HI«ll: srftr 

(Aryabhata 1, ABh., 1.3-4) 

Planetary revolutions 
— Xryabhatan school 

In ayuga, (aeon), the eastward revolutions of the Sun 
are 43,20,000; of the Moon, 5,77,53,336; of the Earth, 
1,58,22,37,500; of Saturn, 1,46,564; of Jupiter, 3,64,224; 
of Mars, 22,96,824; of Mercury and Venus, the same as 
those of the Sun ; of the Moon's apogee, 4,88,219; of (the 
sighrocca of) Mercury, 1,79,37,020; of the sighrocca of) 
Venus, 70,22,388; of (the sighroccas of) the other planets, 
the same as those of the Sun: of the Moon's ascending 
node in the opposite direction (i.e., westward), 2,32,226. 
These revolutions commenced at the beginning of the 
sign Aries on Wednesday at sunrise at Lahka (when it 
was the commencement of the current yuga). (3-4). 
(KSS) • 



1 Thus zero as remainder implies that Sunday is gone and that 
Monday is current, and say 4 as remainder implies that Thursday 
is gone and Friday is current. 
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ip^T ^Ml<<^^lfoT^sT:' li II 

'n%fiw ^f^i i fn ' ^^rPf^t: i 
'st^h <i?i^m%^t , sftm7^T: 

'^c^r^tmr;' arRTfr: H ^ ll 

(Lalla,tfi7)AFr., 1.3-6) 

Lalla 

432 multiplied by 10,000, (i.e., 43,20,000), gives the 
number of solar years in ayuga. This is also the number 
of revolutions of the Sun, Mercury and Venus and that 
of the sighroccas of Mars, Jupiter and Saturn during the 
same period. This has been specified by astronomers. (3) 

(The number of revolutions) of the Moon (in a yuga) 
is 5,77,53,336, that of Mars is 22,96,824; that of the 
sighrocca of Mercury is 1,79,37,020; that of Jupiter is 
3,64,224; that of the sighrocca of Venus is 70,22,388; that 
of Saturn is 1,46,564; that of the Moon's node is 2,32,226 
in the opposite direction ; and that of the Moon's apogee 
is 4,88,219. (The number of) intercalary months (in a 
yuga) is 15,93,336 and (the number of) omitted tithis 
is 2,50,82,580. 1 (4-6). (BC) 

— fljfaa i H : 

13. 4. 3. q/T ^fTW^Tt '^TOW:' I 

5^f%*TWtsTFii *rcwr: ^iPhh ll ^£ II 

T*SX i Ph fadli«m ^ <H HI " I I I 

*d <u I ^rfa «fl 5pr^r 511 ^ o 1 1 

«(Wt£FPT 1 aw a <9 i Pa w %*\ «i ^ <i : ' I 

' ^^m^H^^ wm II ^ ll 

^'^^7T^ <*H « fa*l I + <l : ' II ^ II 
^ft^rr ^H3*M!HIW4k*4l *FT 1 1 1 1 



arftl*lltfH<l^^l'-JiyR^ c IW<l: I 

rr^ q^ l fr l d T: *m ^WTTC*?: II H II 



'jt^^'^ ^Wrr^^^nw:' i 

i?ifdMld^T WIT: ^ *|-<^r^J-^-:* | 

(Sh&\, 1. 29-43) 

— Suryasiddhanta 

In an Age (yuga}, the revolutions of the Sun, 
Mercury, and Venus, and of the conjunctions (sighra) 
of Mars, Saturn, and Jupiter, moving eastward, are 
43,20,000. (29) 

Of the Moon, 57,75,33,36; of Mars, 22,96,832. (30) 
Of Mercury's conjunction (sighra), 17,93,760; of 
Jupiter, 3,64,220. (31) 

Of Venus 's conjunction (s'ighra) 70,22,376; of Saturn, 
1,46,568. (32) 

Of the Moon's apsis (ucca) in an Age, 4,86,203; of its 
node (pdta) } in the contrary direction, 2,32,234. (33) 

Of the asterisms, 1,58,22,37,828. The number of 
risings of the asterisms, diminished by the number of the 
revolutions of each planet, gives, respectively, the number 
of risings of the planets in an Age. (34) 
Kalpa revolutions 

The intercalary months, the omitted lunar days, the 
sidereal, lunar, and civil days — these, multiplied by a 
thousand, are the number of revolutions, etc., in an 
aeon {kalpa). (39) 
Kalpa revolutions of the Apses and Modes 

The revolutions of the Sun's apsis (manda), moving 
eastward, in an aeon, are three hundred and eighty- 
seven; of that of Mars, two hundred and four; of that of 
Mercury, three hundred and sixty-eight. (40) 

Of that of Jupiter, nine hundred; of that of Venus, 
five hundred and thirty-five; of the apsis of Saturn, 
thirty-nine. (41a-c) 

Further, the revolutions of the nodes, retrograde, are : 
Of that of Mars, two hundred and fourteen ; of that of 
Mercury, four hundred and eighty eight; of that of 
Jupiter, one hundred and seventy four; of that of Venus, 
nine hundred and three; (41d-42) 

Of the node of Saturn, the revolutions in an aeon are 
six hundred and sixty-two; the revolutions of the Moon's 
apsis and node have been given here already. (43) 
(E. Burgess) 1 



i For elucidatory notes, see SiDhYf. BC S II. 4-6. 



1 For notes see SuSi: Burgess, pp. 28-32. 
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13. 4. 4. ^ g^rf^nt ^prr 'q^^rt^pffMT:' i 

'TTsrsm^;^' ' w^^flM^ ,*!:' II ^ II 
'?frTTT^>?T^5T' '^S^R^STRt^T: II ^ M 

Tft^Hm ^sr%^ *\ i *n r<s#n w i u f i *r i^ 

^fcVi Wit' 'wtf **tanrr' , *srr' 'if^' i 
mw$w ^T^nrwr 'w%Tfidiw<r«iHwr: i 

(ABh. H, Mahd, 1.7-12) 

— Xryabha^a II 

In a kalpa the revolutions {bhagana) of (the planets), 
beginning with ihe Sun are: (Sun) 4,320,000,000; 
(Moon) 57,753,334,000; (Mars) 2,296,831,000; (Con- 
junction of Mercury) 17,937,054,671; (Jupiter) 
364,219,682; (Conjunction of Venus) 7,022,371,432; 
(Saturn) 146,569,000. (7-8) 

The revolutions of Mercury and Venus are the same 
as the revolutions (cakra) of the Sun; (so are those) of 
the conjunctions (sighra) of Mars, Jupiter and Saturn. 
(Those) of the conjunctions {tighrocca) of Mercury and 
Venus are mentioned (above) . (9) 

Now I give (the revolutions of) the apsides (mrducca) 
of the Sun etc. (They are:) (Sun) 461; (Moon) 
488,108,674; (Mars) 299; (Mercury) 339; (Jupiter) 830; 
(Venus) 654; (Saturn) 76. 

(The revolutions) of the nodes (vilomapata) of (the 
planets) starting from the Moon are: (Moon) 232,313, 
354; (Mars) 298; (Mercury) 524; (Jupiter) 96; (Venus) 
947; {Saturn) 620. (10-1 la) 

(The revolutions) of the Great Bear (Saptarsayah) 
are 1,599,998; and 578,159 are (those) of the equinoxes 
{ayanagraha) - 1 (lib) 

The revolutions of the Sun, multiplied by 12, are the 
solar months (taranimasa) . The difference between the 
revolutions of the Sun and Moon are the lunar months 
(sasimasa). (These), diminished by the solar months 
(inamdsaka), are the intercalary (months) (adhika)* 
(12). (SRS) 



1 The equinoxes (ayana) are also reagrded here as a planet {graha) ; 
their annua\ motion is 173.4577*. This is too high a value. 
Sudhakara Dvivedi suggests (in his edition, contents page 3) the 
reading masihatayudhafr (578,119), which would give a better value 

f ° r a ^SHSSiths in a kalpa: 4,320,000,000x 12-51,840,000,000 
Lunar months in a kalpa: 57,753,334,000—4,320,000,000- 
53,433,334,000. 

Intercalary months in a kalpa: 

53,433,334,000—51,840,000,000== 1,593,334,000. 



13. 4. 5. 'OTW3nrWMHI«lrtV T*" 



'srfar^ I pH 4> -0 WTTpTSR : ' I 

(Vatesvara: VsL, 1". 1.1 1-14) 

— Vatesvara 

43,20,000 are stated to be the revolutions performed 
in a yuga by Venus, Mercury, and the Sun and also by 
the Sighroccas of Saturn, Jupiter, and Mars. (11) 

The revolutions of the Moon, as stated by the learned, 
ate 5,77,53,336; of Mars, 22,96,828; of Jupiter 3,64,220; 
of Saturn, 1,46,568; of the Sighrocca of Mercury, 
1,79,37,020 plus 36 (i.e., 1,79,37,056); of the Sighrocca 
of Venus, 70,22,376; of the Moon's apogee, 4,88,211; 
and of the Moon's node, 2,32,234.! (12-14). (KSS) 



1 The revolutions, as suggested by Roger Billard, were probably 
obtained by the application of the Bija correction prescribed by 
Lalla, to the revolutions given by Aryabhata I. See the table below. 



Aryabhata-Fs Bija 
revolutions correction 



Corrected 
revolutions 



Actual revo- 
lutions by 



Sun 
Moon 

Moon's apogee 
Moon's node 
Mars 
Mercury's 

Sighrocca 
Jupiter 
Venus 

Sighrocca 
Saturn 



4320000 
57753336 
488219 
-232226 

2296824 

17937020 
364224 

7022388 
146564 



Vatesvara 


Nil 


4320000 


4320000 


-2 


57753334 


57753336 


-9.12 


488210 


488211 


-7.68 


-232234 


-232234 


+ 3.84 


2296828 


2296828 


+33.60 


17937054 


17937056 


-3-76 


364220 


364220 


-12.24 


7022376 


7022376 


+ 1.6 


146566 


146568 



Since the revolution of the Sun, Moon and the planets stated by 
Aryabhata I were divisible by 4, so, Vatesvara, in order to preserve 
this characteristic feature of Aryabhata I's revolutions, increased 
the £y<z-corrected revolutions of the Moon, Mercury's Sighrocca and 
Saturn by 2. Similarly he added 1 to the revolutions of the Moon's 
apogee to make them odd and prime to the number of civil days is a 
yuga as in Aryabhata. This explains the difference of the revolutions 
of Va$esvara from the 2?i/a-corrected revolutions of Aryabhaja-I. 
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13. 4. 6. 3f^l^'!JWTr 

7% *"lPdJ|fu i dl ( <Z1SVW: I 

^frfdliH WTO^^IT: IM II 
sq i <vj q uh c( ij m f^ft's^pT : tl ^ II 

feprw?rr: J f^ftwM^l: I 
t>d^«i:' ^4 ¥4 Wf: II * II 

fe^snrt' 'sm^mi' 'w:' I 

'gftfawr' 'MWr:' 'fSTFRT:' 
^5: gW^TT rR^JT^^T: II K M 

IT*nf^:' 'ffe^TT:' 'sfSTtfa:' I 
' fcH«HH Il' '^^T^ff' 

fasn^TR ^WIHMMWr: II ^ II 

^Idl^dl ^rf^^TOTT ?refcr ^TfpT II \9 II 

<r*M*rfr<*HifH 

Efq^^irfuRTT ftW^T- 11*11 



VRQ jfoTTft <TTft II 5. II 
%^^T^rf|^^:' II To II 



fafafcHMd ^Hd >STOT II <H II 

(Bhaskara II, 1.1.2.1-12) 

— Bhaskara II 

The number of sidereal revolutions of the Sun during 
a kalpa is 4,32,00,00,000. It is also the number of those 
of Mercury and Venus, and those of the sighroccas of the 
planets Mars, Jupiter and Saturn. (1) 

The Moon makes 57,75,33,00,000 sidereal revolutions 
in a kalpa, Mars 2,29,68,28,522, Mercury's Hghrocca 
17,93,69,98,984, Jupiter 36,42,26,455, the sighrocca of 
Venus 7,02,23,89,492 and Saturn 14,65,67,298. The 
sidereal revolucions of the apogees of the Sun and 
the Moon and those of the aphelia of Mars, Mercury, 
Jupiter, Venus ?nd Saturn in a kalpa are respectively, 
480, 48,81,05,858, 292, 332, 855, 653, 41. (2-5) 

The retrograde sidereal revolutions of the nodes of 
the orbits of Moon, Mars, Mercury, Jupiter, Venus and 
Saturn are, respectively, 23,23,11,168, 267, 521, 63, 
893, 584. (6) 

Ndksatra days 

The number of diurnal revolutions of the stars in a 
kalpa, is 15,82,23,64,50,000. (7) 

Solar and Lunar days 

The number of solar days in a kalpa is equal to 
15,55,20,00,00,000 and of the lunar days (or tithis) is 
16,02,99,90,00,000. (8) 

Civil days 

The number of civil days in a kalpa is equal to 
15,77,91,64,50,000; the number of the dirunal revolu- 
tions of the stars minus the number of sidereal revolutions 
of any particular planet constitute the days of that 
particular planet with respect to the Earth. (9) 

Intercalary months etc. 

The number of adhikamasas or intercalary months in a 
kalpa is equal to 1*59,33,00,000 and the number of dina- 
ksayas is 25,08,25,50,000. (10) 

The number of solar months in a kalpa is 
51,84,00,00,000; the number of lunar months is 
53,43,33,00,000. The number of solar months being 
subtracted from the number of lunations, we have the 
number of -adhikamasas. The number of solar days 
together with the days oiadhika months are equal to the 
lunar days (or the tithis) ; or, again, the lunar days minus 
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the ksaydhas are equal to the number of civil days or the 
reverse will be had by a reverse process. 1 (11-12). (AS) 

— Ri4M<*M<MH 

13. 4. 7. ^irdH -T^r:' 5TT3> ^ ^TFT *: I 

\<^<<^jq^ l sN *rf ; f^gft:, fem*: \\ \ (( 

* l 1 I fil ft R*:', ^t: II ^ II 

'fmr%fer' *pfts^ ^rcrr ^t: it * n 

— Siddhantadarpana 

Commencing from a sunrise at Lanka, the number 
of eastward revolutions of the Sun in a kalpa is four 
hundred and thirty- two multiplied by ten million, i.e. 
4,32,00,00,000 



(that) of the Moon is 
(that) of the Earth 
(that) of Mars 
(that) of Mercury 
(that) of Jupiter 
(that) of Venus 
(that) of Saturn 



57,75,33,32,321 
15,82,23,78,39,500 
2,29,68,62,137 
17,93,71,20,175: 
36,41,60,611 
7,02,22,70,552 
14,65,71,016 



These are the numbers of revolutions of the planets 
in a kalpa along their respective orbits (from west) to 
east. 

(Of these), each of the planets other then the Earth 
is the lord of a day of the week. (2-5) 



13. 5. 1. 



srrsrrft h<*t\ 

(Aryabhtal, ^A., 1. 9-11) 



1 For explanation, see Si£i:AS, pp. 18-28. 



Ascending Nodes and Apogees 

The ascending nodes of Mercury, Venus, Mars, 
Jupiter and Saturn having moved to 20°, 60°, 40°, 80° 
and 100° respectively (from the beginning of the Sign 
Aries) (occupy those positions) ; and the apogees of the 
Sun and the same planets (vi*. s Mercury, Venus, Mars, 
Jupiter and Saturn) having moved to 78°, 210°, 90°, 
118°, 180° and 236° respectively (from the beginning of 
the Sign Aries) (occupy those positions). (9) 

Manda and Slghra epicycles 

The manda epicycles of the Moon, the Sun, Mercury, 
Venus, Mars, Jupiter and Saturn (in the first and third 
anomalistic quadrants) are, respectively, 7, 3, 7, 4, 14, 7 
and 9 (degrees) each multiplied by 4J (i.e. 31.5, 13.5, 
31.5, 18, 63, 31.5 and 40.5 degrees, respectively); the 
sighra epicycles of Saturn, Jupiter, Mars, Venus and 
Mercury (in the first and third anomalistic quadrants) 
are, respectively, 9, 16, 53, 59 and 31 (degrees) each 
multiplied by 4| (i.e., 40.5, 72, 238.5, 265.5 and 139.5 
degrees, respectively). (10) 

The manda epicycles of the retrograding planets (viz., 
Mercury, Venus, Mars, Jupiter and Saturn) in the 
second and fourth anomalistic quadrants are, respec- 
tively, 5, 2, 18, 8 and 13 (degrees) each multiplied by 
4| (i.e., 22.5, 9, 81, 36 and 58.5 degrees respectively); 
and the sighra epicycles of Saturn, Jupiter, Mars, Venus, 
and Mercury (in the second and fourth anomalistic 
quadrants) are, respectively, 8, 15, 51, 57 and 29 
(degrees) each multiplied by 4J (i.e., 36, 67.5, 229.5, 
256.5 and 130.5 degrees, respectively). 3375 is the 
outermost circumference of the terrestrial wind. (1 1). 
(KSS) 

13. 5. % Vf l uHHtfT 's^+^<t+^dlf^HK^ t 

H**MMi 'f^r^T*, '#3<rPTT*' *$<aRh':' M \ II 

f <rep#*rr' i '-'^rrt^rr' 'ityicw <j :' 11 
'^-^-^^rr-sssft-sr-^ fit : ' HNn^y^sshft: n 

^i i^i^i i r ^^tM ,=> " x i*i I 

^mfa^TRT II £ II 

V^i i' 'w' < *ft*i*rr' j^cr: t 

Tf -g^-^-S^V-^H I *5iwfl»I^M<4 1 fa II V II 
(Nllakantha, SD, 6-10) 



125 



13. PXANETS 



13, 6. 2 



(The numbers of revolutions) of the Higher Apses 
(mandocca) of these planets in a kalpa are: 



(Sun) 

(Moon) 

(Mars) 

(Mercury) 

(Jupiter) 

(Venus) 

(Saturn) 



353 

48,81,23,318 
754 
494 
601 
272 
54. 



(6-7a) 



Revolutions of the ascending nodes 

(The numbers of revolutions of the ascending nodes), 
which move backward (from the east) to the west, are, 
beginning with the Moon : 



(Moon) 

(Mars) 

(Mercury) 

(Jupiter) 

(Venus) 

(Saturn) 



23,22,96,745 
834 
902 
825 
766 
757. 



(7b- 8b) 



Maximum latitudes 

The (maximum) latitudes of the epicycles of the higher 
apses 'at their halves, depending on the distance of the 
planet from the nodes, are, in units of quarter degrees 
(i.e., 15): 



18(X 15=270) 
6(X 15=90) 
21(X 15=315) 
4(X 15=60) 
11(X 15=165) 
8(X 15=120). 



(8b-9a) 



(Moon) 
(Mars) 
(Mercury) 
(Jupiter) 
(Venus) 
(Saturn) 

Epicycles of the equation of the apses 

(The magnitude of the circumferences 1 of the epicycles 
of the equation of the apses) in terms of A\ parts of 
themselves (i.e., in terms of 4J degrees) are: 

(Sun 3(X4£=14°); 

(Moon) 7(X4^=31i°); 

(Mars) 16(X4l=72°); 

(Mercury) 14(X4}=63°); 

(Jupiter) 8(X 41=36°); 

(Venus) 3(X4J=14°); 

(Saturn 10(X4J=.45°). 



1 The magnitude of the circumference is given in proportion to 
that of the circumferences of the orbits of the respective planets 
which are taken to be 360°, the number of degrees in a circle. 



Epicycles of the equation of conjuction 

(The circumferences of ) the epicycles of the equation 
of conjuction, beginning with Mars, are, in the odd 
quadrants: 

(Mars) 53(X 41=2381°) 

(Mercury) 31 ( X 4£= 139£°) 

(Jupiter) 16(X4i=72°) 
(Venus) 59(X4£=265l°) 
(Saturn) 9(X4l=40|°) 

These same epicycles reduced, respectively, by 2, 2, 1, 
2, and 1 give the circumferences of the even quadrants. 



51(X4J=229i°): 
29(X4|=130|°): 

15(X4i=67J°) 
57(X 4i=256|°) 
8(X4|=36°) 



(Mars) 
(Mercury) 
(Jupiter) 
(Venus) 
(Saturn) 

13. 6. 1. ^*msfe?RTS# f^TO^T^'s^faSTP^ I 

(Varaha, PS, 9.1) 

Mean Sun and Moon 

(Mean Sun— Saurasiddhanta) 

According to the Saurasiddhanta, to get the mean Sun 
in revolutions etc., multiply the days from Epoch by 
800, deduct 442, and divide by 2,92,207. This is for 
Ujjain mean noon. 1 (1). (TSK) 

— HkftT^rRT: 

13. 6. 2. ..^RRrpPjf^ 'frt^ron^S^'? I 

'^^g^6jn^frtW^ sr^ng-t^r mil 
'■^rf5i Pi «nr*^H : 

, ^^~OT^fr^f^ faWT: II * II 

(Varaha, PS, 9.2-4) 

—Saurasiddhanta 

Multiply the days by 9,00,000, deduct 6,70,217, and 
divide by 2,45,89,506. The approximate mean Moon 
in revolutions etc. is got. (2) 

Multiply the Days by 900, add 22,60,356, and divide 
by 29,08,789. The approximate Moon's apogee in 
revolutions etc. is obtained. (3) 

1 For the rationale, see PS'.TSK, 9.1. 
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Multiply the revolutions of the mean Moon by 51, 
and divide by 3121. The resulting seconds are to be 
subtracted to get the exact mean Moon. Multiply 
the revolutions of apogee by 10 and divide by 297. 
The resulting seconds are to be added to get the exact 
apogee. 1 (4). (TSK) 

— 

13.6.3. f^r^^TC^T- 

cTtJ I 
Sr?T3Tcf ^Hei^i?t ^TT: II II 

eft ^itoM ^t|: i 

(Lalla, SiDhV r . } 1.20-24) 

— Lalla 

When the akargana is severally multiplied by the lunar 
years and the number of intercalary years (in & yuga), 
and each product divided by the number of civil days 
(in a yuga) , and the difference of the two results taken, 
the final result is the mean longitude of the Sun. 

13 times the mean longitude of the Sun added to 12 
times the number of intercalary years during the akargana 
gives the mean longitude of the Moon. (20) 

Divide the adhimdsasesa (the remainder coresponding 
to the intercalary months obtained while calculating 
the akargana) and the avamasesa, (i.e., the remainder 
corresponding to the omitted tithis obtained while 
calculating the akargana), by the respective intercalary 
months and the omitted tithis in a yuga) . (The first 
quotient) gives solar days, etc. and (the second) tithis, 
etc. The first divided by 1006 is in terms of Signs, etc.; 



i For worked out examples, see PS:TSK, 9.2-4. 



the second diminished by its twelfth part is in minutes, 
etc. (21) 

The number of months from Caitra (elapsed in the 
current year) is equivalent to the same number of Signs, 
and the number of tithis (elapsed since the last amdvasyd) 
is equivalent to the same number of degrees. These 
Signs, etc. when decreased by the Signs etc. obtained 
previously and added to the minutes thus obtained (verse 
21), give, in terms of Signs, degrees and minutes, the 
mean longitude of the Sun. To the longitude add 
degrees equal to 12 times the tithis and also 25/2 times 
the minutes obtained above. The result is the mean 
longitude of the Moon. (22) 

The adhimdsahsa divided by the number of lunar 
months (in a yuga) yields a subtractive result. The 
avamasesa when divided by the number of civil days gives 
an additive result. The sum of the number of tithis 
elapsed (since the amdvasyd in Caitra) and the second 
result, when diminished by the first, give (also) the mean 
longitude of the Sun in degrees, etc. The same multi- 
plied by 13 and diminished by the first, gives the mean 
longitude of the Moon in degrees, etc. (23) 

The akargana multiplied by the number of sidereal days 
and divided by the number of civil days (in a yuga) gives 
the corresponding number of sidereal days. This, 
diminished by the akargana, results in the mean longitude 
of the Sun (in revolutions etc.). 

When to this longitude is added the excess of the 
Moon's longitude calculated from the number of lunar 
months (in a yuga) the Sun is the mean longitude of the 
Moon. (24). (BG) 

13. 6. 4. f^rr ^TPffcfa ^fnwtf 

*ra"sr trrcnR ^ffsfiwi^ : i 
^ll+«Hf^TWHMId: II || 

^ftSMffl^li?! ^ wr^R^r I 

*M y«K(H ^T%^T II <\% II 
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fef^T STTRT feflT: SSTSSTC I 
^rf^^I^W^ II ^ II 

^ d l d^ lf t r fe^TT ^TW^T: II <\* II 

(Bhaskara I, MBk., 1.13-19) 
Mean Sun without Days from Epoch 

For one (desirous of) calculating the mean longitudes 
of the Moon and the Sun without the use of the ahargana, 
the following method is stated: 

Reduce the years (elapsed since the beginning of 
Kaliyuga to months, and add to them the elapsed 
months (of the current year) . Then multiply that (sum) 
by 30, and add the product to the number of (lunar) 
days elapsed since the beginning of the current month. 
Multiply that (sum) by the number of intercalary months 
(in a yuga) and divided by the number of solar months 
in a yuga reduced to days. (13-14) 

The quotient denotes the number of intercalary 
months (elapsed). Delete (or rub out) the divisor and 
divide the remainder (called adhimdsasesa, i.e., the 
residue of the intercalary months) by the number of lunar 
months (in a yuga) : thus are obtained degrees, minutes, 
seconds, and thirds. (15) 

Then multiply the (complete) intercalary months 
elapsed by 30 and to the product add the number of 
solar days elapsed since the beginning of Kaliyuga) ; 
then multiply that (sum) by the number of omitted 
lunar days in a yuga and divide by the number of lunar 
days (in a, yuga) : the remainder obtained is the avamasesa, 
(i.e., the residue of the omitted lunar days) called 
dknika. (16) 

Then multiply the avamasesa by the number of inter- 
calary months (in a yuga) and divide by the number of 
civil days (in a. yuga). Add the resulting quotient to the 
adhimdsasesa and then apply the process stated above 
(i.e., divide by the number of lunar months in a. yuga: 
the result is in degrees, minutes, etc. This is the total 
adhimdsasesa) . (17) 

Next multiply the avamasesa called ahnika by 60 and 
divide by the number of civil days in a yuga: the result is 
in minutes, seconds, and thirds respectively. The 



number of months elapsed (since the beginning of 
Gaitra) are to be taken as Signs, and the number of 
lunar days elapsed (of the current month) as degrees. 
(The sum of these Signs and degrees and the minutes, 
seconds, etc. corresponding to the avamasesa is the 
grahatanu). (18) 

From thirteen times and from one time that [grahatanu) 
severally subtract the degrees, minutes, etc. correspond- 
ing to the (total) adhimdsaiesa: the remainders (thus 
obtained) are stated by the wise astronomers to be the 
mean longitudes of the Moon and Sun, (respectively), 
conforming to the teachings of (Arya)bhata. 1 (19). 
(KSS) 

— qflRUM : 

13. 6. 5. '^tfij^rfirasw' 

ijfenTWt K$ ™ I) ?x II 

Ft ^ firf^RTT 'arfk^'sriF: II ^ II 

(ABh. II, Mahd. 1. 25-26) 

— Mahasiddhanta 

The ahargana at the dawn of Kali is 719,530,399,152. 
This increased by that (i.e., ahargana) in Kali (gives the 
ahargana upto the) desired (day). Multiply it by the 



1 The process described in the above rule is not in proper sequence. 
The direction given in verse 15 ought to have been after verse 17. 
Stated in proper sequence, the rule would be : 

Reduce the years (elapsed since the beginning of Kaliyuga) to 
months, and add to them the elapsed months (of the current year). 
Then multiply the sum by 30, and add the product to the number 
of (lunar) days elapsed since the beginning of the current month. 
Multiply that sum by the number of intercalary months (in a yuga) 
and divide by the number of solar months in a yuga reduced to days : 
the quotient denotes the number of intercalary months (elapsed). 
(The remainder is the adhimdsasesa). Multiply the (complete) inter- 
calary months (thus obtained) by 30 and to the product add the 
number ol solar days (elapsed since the beginning of Kaliyuga) : 
then multiply that (sum) by the number of omitted lunar days in a 
yuga and divide by the number of lunar days (in a yuga) ; the remain- 
der obtained is (the avamasesa called ahnika). Then multiply the 
avamaiesa (called ahnika by the number of intercalary months (in a 
yuga) and divide by the number of civil days (in ayuga). Add the 
resulting quotient to the adhimdsasesa and divide the sum by the 
number of lunar months in a yuga: this gives degrees, etc. (This is 
the total adhimdsaSesa.) Next multiply (again) the avamaksa called 
ahnika by 60 and divide by the number of civil days in a yuga: the 
result is in minutes, seconds, and thirds, etc. The number of months 
elapsed (since the beginning of Caitra) are to be taken as Signs and 
the number of lunar days elapsed (of the current month) as degrees. 
(The sum of these Signs and degrees, and the minutes, second, etc. 
corresponding to the avamaiesa is the grahatanu). From thirteen 
times and from one time of that {grahatanu) severally subtract the 
degrees, minutes, etc. corresponding to the (total) adhimdsasesa: the 
remainders (thus obtained) are stated by the wise astronomers to be 
the mean longitudes of the Moon and the Sun (respectively) 
conforming to the teachings of (Arya)bhata. 

For the rationale and formulae, see MBh: KSS, pp. 1 1-15. 
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revolutions of any (planet) , and divide by the civil days 
(in a kalpa. The result is) the position of that planet 
in revolutions. (25) 

Multiply the ahargana by 13 and divide by 903. The 
result in degrees, (when) subtracted from the ahargana, 
(gives the position of) the Sun (in degrees) 1 . 

For every 23,457 days (of the ahargana) subtract a 
minute from and for every 97,258 years (elapsed) add a 
second to (the position obtained above) 2 . (26). (SRS) 

— *HH><: ^ 

13. 6. 6. ^t^lT^^^WT^ 

"'fast 't^r: g^rfaV ?r^ft i 

eft ^W^^lW^^T 

#=ft *Tcft MWH I ^ gTP{ II V9 II 

{Bhdskara II, SiSl, 1 . 1 .3.6-7) 

— Bhaskara II 

Computation of the positions of the Sun and the Moon 
from the adhimasa-sesa and avama-sesa. The avama-sesa 
divided by 27,11,00,00,000 is termed an additive con- 
stant in minutes of arc to the Sun's position; the same 
avama-sesa multiplied by 13 and divided by 35 is termed 
such an additive constant to the position of the Moon. (6) 

Construe that the Sun's position is given by as many 
degrees as there are elapsed tithis after the beginning of 
Caitra and that the Moon's position is given by thirteen 
times the same. Let these positions of the Sun and the 
Moon be diminished by a number of degrees equal to 
what is obtained by dividing the adhimasa-sesa by the 
number of lunations in a kalpa. Then add the respec- 
tive additive constants to the positions of the Sun and 
the Moon so obtained. The results will be the positions 
of the Mean Sun and the Mean Moon. 3 (7). (AS) 

13. 6. 7. %m '^r*r'Tf|^r fs*s ^re^Twmfn wfft i 

Tf^^W^Tcf ^^^fn^Vd^i^ii: moil 

•q-pft *m sr^^ftmfenT^ ^rsr: strt imu 

(Deva, A72, 1.9-11) 



1 For the rationale, see Maha. : SRS, pt.Il, p. 12 

2 For the rationale, see Maha. : SRS. pt. II. pp. 13-14. 

3 For the rationale, see Si$i : AS, pp. 34-37. 



— Karanaratna 

Subtract 23 from the Ahargana and set down the 
remainder in two places (one below the other). From 
the upper number subtract the avama days (elapsed since 
the epoch). From the lower number subtract 9, the 
avama days as also the avamasesa, then divide by 699, and 
then add the quotient obtained to the upper number. 
(If it is greater than 360), subtract 360 from it. The 
resulting quantity is the mean longitude of the Sun at 
sunrise (at Lanka), in terms of degrees. 

The longitude of the Sun's apogee is 78 . 1 (9-10) 

To the Sun's mean longitude add degrees equal to 12 
times the complete tithis (elapsed) and minutes equal 
to avamasesa plus avamasesa divided by 25. Thus is 
obtained the mean longitude of the Moon. 2 (11). (KSS) 

— #I^^H: 

13. 7. i. 't^W^§Wr^- 

(Varaha, PS, 2.1) 

True Sun and Moon 

True Sun — Vasisthasiddhanta 

Multiply the Days from Epoch by 4 and add 6. 
Divide this by 1461 and take the remainder. Take 
from this, successively, the quantity 126 reduced by 1, 
0, 0, 2, 4, 7, 9, 6, 5 (i.e., the twelve quantities 125, 
126,' 126, 126, 124, 122, 119, 117, 117, 118, 120, 121). 
(The Sun's rasis, Mesa etc. are successively got.) (1) 

13. 7. 2. 't^ptMps'^ '^rftmw'FftX^ ^ %^ 1 
irt Wnjfw mft 'sssfat:' <re n ^ u 

mfepvrr fsflprsrcr: 'stRi^Phwit's 5 * TTwrar: 1 1 

't^ffif:' TOTf «R*nn II Y II 

fr^HwrhnT: ^ spp*Tfa ^nr n v. n 

(Varaha, PS, 2. 2-6) 



1 For rationale, see KR: KSS, pp. 6-8. 

2 For rationale see KR; KSS, p. 8. 
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True Moon— Vasi$$ha 

Add 1936 to the Days from Epoch, and divide the 
sum /by 3031. The quotient are called ghanas. 
Multiply the remainder by 9 and divide by 248. The 
quotient are called gatis and the remainder are called 
padas. (2) 

Divide the ghanas out by 16 and take remainder alone. 
Multiply this by 3, divide by 4 and take the result as 
rdsi etc. Subtract this from 1 2 rdsis and take the remain- 
der. Add to this minutes equal to twice the total ghanas. 
Add also l r T 29°. (The mean Moon at the end of the 
ghanas is got.) (3) 

Multiply the gatis by 185, subtract a tenth of the 
gatis and add these also, taken as minutes. (The Mean 
Moon at the end of the gatis is got.) If the number of 
padas is less than 124, they are called plus-padas. If 124 
or more, 124 padas are taken and set apart as a half-gfl/i. 
The remaining padas are called pmnus-padas. (The 
three technical terms here, half-gati, plus-pada and minus- 
pada are for use in verses 5 and 6 below) . (4) 

If a half-gate" has been obtained, for the sake of that 
half-gati, add rdsis, etc. 6-0-4. Add also degrees equal 
in number to the phxs-padas or minus-padas. Using the 
phis-padas or xninus-padas, respectively, in the two follow- 
ing formulae, find the value, which is in minutes and add 
that also. The True Moon is got. (5) 

Deduct one from the pius-padas or minus-padas and 
multiply by 5. If phis-pada, add the product to 1094, 
multiply this sum by the plus-pada, and divide by 63. 
These are the minutes to be added. If minxis-pada, 
subtract the product from 2414, multiply the remainder 
by the minus-padas and divide by 63. These are the 
minutes to be added. (6) . (TSK) 

13. 7, 3. ^r^'^PHgdl^T*^ 'wrpH^dWIsbd:' I 

(Varaha, PS, 3. 1-3) 

True Sun — PauliSa 

Multiply the days from Epoch by 120, deduct 33 
and divide by 43,831. The Mean Sun in revolutions, 
rdsis etc. is obtained. Add 20° to this mean Sun. What 
is called kendram is got. (1) 

For the first six rdsis of kendra there are the following 
six quantities: 11, 48, 69, 70, 54 and 26, all deductive 
11 



and in minutes. For the next six rdsis are the following : 
10, 48, 70, 71, 54 and 25, all additive and in minutes. 
If these are taken one after another according to rdsis 
of the kendra gone and applied to the mean Sun, it 
becomes True sun. 1 (2-3) . (TSK) 

<fa*$d : — TtWt: 

1 3. 7. 4. ^mrcT ^gfaf«r'«nq '^r^f^iid i 

' « I m>« kl 3>d fa sft'TOd I 'ri m H : ^T9T: II <l H 

'gfiTfwfr^ ' fiw i lfidq fir'^ «Mlfo+<?<i: II 
(Varaha, PS, 8. 1-3) 

True Sun — Romaka 

According to the Romaka, the mean Sun in 
revolutions etc. is obtained by multiplying the Days 
from epoch by 150, deducting 65 from the product, and 
dividing by 54,787. (1) 

Both the Sun and the Moon are to be made true by 
intervals of the equation of the centre for half-Signs of 
the respective mean anomalies given for the first three 
Signs. For the next three Signs they are to be taken 
in the reverse order. This is repeated for the next six 
Signs. In the case of the Sun, the anomaly is got by 
deducting rdsi 2-15-0 from the mean Sun. (2) 

The minutes of intervals for the Sun, are 20+15, 
20+14, 20+10, 20+4, 20—6 and 20-14, from which 
seconds 18, 5, are to be subtracted, and 2, 10, 16 and 18 
are to be added in the given order. 2 (3) . (TSK) 

1 3. 7. 5. ^W^FT'^nrT %flTMH4<3V3l^TT5 flW I 
'M^qrr^^^r^r ,l TlT¥r^T^TUi i *i : II v u 

'^qf^^'^^rcf ^rf^s^jm^'T iik.ii 
'frf W s%ffs?rt 

(Varaha, PS, 8. 4-6) 



1 For worked out example, see PS: TSK. 3. 1-3. 
* For elucidation, see PS: TSK, 8. 1-2. 
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True Moon — Romaka 

The mean Moon in revolutions etc. is got by 
multiplying the 'days' by 38,100, subtracting 10,984, 
and dividing by 10,40,953. (4) 

The mean anomaly in revolutions etc. is obtained by 
multiplying the days by 110, adding 609, and dividing 
by 3031, the result being for sunset at Ujjain. (5) 

For the half-Signs of anomaly the intervals of 
equation of the centre are: l° + 14'+25", T+ir+48", 
l°+2'-9", 48'- 15", 48' — 18'— 0", and 48'- 18'- 
20'" 1" {i.e., 1° 14' 25", 1° 11' 48", 1° 1' 51", 47' 45", 
30' 0", 9' 59". (6). 1 (TSK) 

Tf^fgrft: — 

13, 7. 6. srerreftwr ^trtrf: ^r^^f%^r^sr: i 

(Varaha, PS. 9. 7-9) 

True Sun and Moon — Saura 

The mean longitude of the Sun minus 80° is called the 
Sun's (mean) anomaly. The mean Moon minus its 
apogee is its (mean) anomaly. Multiply the sine 
of the anomaly of the sun by 14, and that of the 
Moon by 31. (7) 

Divide each by 360, and find their arcs. Put the 
Sun T s arc in two places, for subsequent use. The arc of 
each is to be deducted from its mean longitude if its 
anomaly is less than six rdsis, and added if more than 
six rdsis. (The true Sun and Moon at Ujjain mean 
Moon is got.) ;(8) 

Multiply the Sun's arc, kept aside in one place, by the 
Sun's true daily motion (in minutes) and that kept in 
the other place by the Moon's true daily motion (in 
minutes). Divide each by 21,600. Add or subtract 
the resulting minutes in the respective true longitudes 
found, according as the Sun's arc was first added or 
subtracted. (The true Sun and Moon at Ujjain true 
noon is obtained.) 2 (9) . (TSK) 

13. 7. 7. «njtfl<flr ^tf^Tg" ™ I 

^fW^BW MH«ld WNf TfWllaa II ^ II 



fwm wtsro % wft: ^IPd+l II £ II 
4 i g«ft1fd4i<yii gre# szmrTtvrrf^- It V II 

^|+ird4)# ^TTrTt cTT^ff W^h^ <3Wr I 

%f%; >pw^ f^Trf^^TTf^t II <H II 

Tier j?r: 5^: ^T: ^«Tf«W+ii«ll I 
qr^rT^ *T#<T ^FcrWk^S*RT II <R II 
(Bhaskara I, MBh., 4.8-12) 

True Sun and Moon — Bhaskara I (MBh.) 

The portions (of the mean anomalistic quadrant) 
traversed and to be traversed (by a planet) are called 
bdku and koti or koti and bdhu, according as the mean 
anomalistic quadrant (occupied by the planet) is odd or 
even. The bdhuphala and kotiphala are obtained as 
before for the determination of the hypotenuse (i.e., the 
distance of the planet). (8) 

True distance in minutes of the Sun or Moon 

(When the Sun or Moon is) in the first or fourth 
(mean anomalistic) quadrant, add the kotiphala to 
the radius: (when) in the remaining (quadrants), 
subtract that from the radius: the resulting sum or 
difference is the upright. The square root of the sum of 
the squares of that and the bdhuphala is called the hypo- 
tenuse. Multiply that hypotenuse (severally) by the 
bdhuphala and kotiphala and divide (each product) by the 
radius : the results are (again) the bdhuphala and kotiphala. 
From them obtain the hypotenuse (again) as before. 
Again multiply this hypotenuse (severally) by the initial 
bdhuphala and kotiphala and divide (each product) by the 
radius. In this way, processing as above, obtain the 
hypotenuse again and again until two successive values 
of the hypotenuse agree (to minutes) . (Thus is obtained 
the nearest approximation to the true distance in minutes 
oftheSun or Moon). 1 (9-12). (KSS) 

13. 7. 8a. *rs*T*T qftR^FSTt: ^ijHn sftRPT I 

<re Trftr^r era* *Mi+)d) <icimi<i i i i i i 

(Bhaskara I, LBh., 2. l-2a) 
True Sun and Moon — Bhaskara I (LBh.) 

Surfs anomaly, bhujd and koti 

The mean longitude of the Sun diminished by the 
longitude of the (Sun's) apogee is (called) the (Sun's 



1 For the working, see PS'.TSK, 8. 4-6. 

a For the rationales and calculation, see PS: TSK, 9. 7-9. 



* For the rationale, see MBh: KSS, pp. 116-21, 



131 



13. PLANETS 



13. 7. Sf 



mean) anomaly. There (in that anomaly) three Signs 
form a quadrant. In the odd quadrant, the arc 
traversed and the arc to be traversed are known as 
bkujd (of bdku) and kofi (respectively) ; in the even quad- 
rant, (they are known as) koti and bhujd (or bahu) 
respectively. This is the position. (l-2a) 

13. 7. 8b. faiJl&fl r a^MJfal": ^SraTT: IR II 

(Bhaskara, LBh., 2. 2b-3a) 

R sines of the bhujd and koti 

After converting the bhujd and the other (i.e., the kofi) 
into minutes of arc and dividing by 225, (in each case), 
take (the sum of) as many R sine-differences as the 
quotient. Then multiply the remainder (in each case) 
by the current (i.e., next) R sine-difference and divide 
by 225 and add the result (to the corresponding sum of 
the R sine-differences obtained above). (The sums 
thus obtained are the R sines of the bkujd and the koti). 
(2b-3a) 

13. 7. 8c. ^ ^fT^TT^SWn ^FSST II 3 H 

(Bhaskara I, LBh., 2. 3b-4a) 

Bhujdphala and kotipala 

They (i.e., the R sines of the bhujd and the koti) 
multiplied by the (planet's tabulated) epicycle should 
be divided by 80: the results are (known as) bhujdphala 
and kotiphala. (3b) 

Bhujdphala correction 

The bhujdphala is additive or subtractive according as 
the (mean) anomaly is in the half-orbit commencing 
with the sign Libra or in that commencing with the 
sign Aries. (4a) 

13. 7. 8d. ^rr^^p" -i^RiKii^q ^11*11 

f^^nRTT ^sfozn^rr fafeT^n frw^: imi 

(Bhaskara, LBh., 2.4b-5) 

Bhujdntara correction 

So also is applied (the bhujdntara correction) which is 
obtained by multiplying the (mean daily) motion of the 
planet by the (Sun's) bhujdphala and dividing by the 
number of minutes of arc in a circle (i.e., 21600). (4b) 

One-sixth of the (Sun's) bhujdphala is, in seconds of 
arc, (the bhujdntara correction) for the Sun; that for the 
Moon is obtained in minutes of arc etc. by multiplying 
(the Sun's bhujdphala) by 3 and dividing by 82. (5) 



13. 7. 8e. «flfeq i HHflMM &mt£ *fl*ft<i: I 

(Bhaskara I, LBh., 2. 6-7) 

True distances of Sun and Moon 

Increase or diminish the radius by the (Sun's) 
kotiphala (according as the mean Sun is) in the half-orbit 
commencing with the anomalistic Sign Capricorn or in 
that commencing with Cancer. The square root of the 
sum of the squares of that and the (Sun's) bdhuphala is 
the (first approximation to the Sun's) distance. (Several- 
ly) multiply that by the (Sun's) bdhuphala and kotiphala 
and divide (each product) by the radius: (the results 
are again the Sun's bdhuphala and kotiphala). (Making 
use of them calculate the Sun's distance afresh : thus is 
obtained the second approximation to the Sun's distance. 
(Repeat this process again and again and thus) by the 
method of successive approximations, obtain the nearest 
approximation to the Sun's (true) distance. For the 
Moon, too, this is to be regarded as the method for 
finding the nearest approximation to the true distance. 
(6-7). 

13. 7. 8f. oirrsrow^ ijfenrsqT w *t«t^ 1 

*nsnpRft q^Uft : ^rPw^i^di n T° II 
(Bhaskara I, LBh., 2. 8-10) 

Sun's true daily motion 

Multiply the mean daily motion (of the Sun) by the 
radius and divide (the product) by the (Sun's true) 
distance (in minutes): the result is the Sun's true daily 
motion (known as karnabhukti or karnasphutabhukti) . For 
the Moon, too, this is the method. (8) 

Divide by 225 the (Sun's) mean daily motion as 
multiplied by the current R sine-difFerence. Multiply- 
ing the result (thus obtained) by its (tabulated) 
epicycle and dividing by 80, subtract that from the 
Sun's mean daily motion if the (Sun's) anomaly is in the 
half-orbit commencing with Capricorn and add that to 
the same if (the Sun's anomaly is) in the half-orbit 
commencing with Cancer. (The sum or difference 
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thus obtained) is known as the (Sun's) true daily 
motion. (9-10) 

13. 7. 8g. ^wwcft sm*rn m^41<i^^41: i 

(Bhaskara I, LBk. 9 2. 11-15) 

Moon's true daily motion 

From the (mean daily) motion of the (Moon's) mean 
anomaly subtract the preceding or succeeding arc (of 
the current element of the arc, i.e., the elementary arc 1 
containing the Moon) (according as the Moon is in the 
odd or even anomalistic quadrant). (Then) take (the 
tabulated R sine-differences) on the basis of the (residue 
in) minutes of the (mean daily) motion of the Moon's 
mean anomaly, starting from the current R sine-differ- 
ence reversely and directly in the odd and even anoma- 
listic quadrants respectively. The results (i.e., the 
R sine-differences) corresponding to the fractions of the 
first and last elementary arcs should be determined by 
proportion (and added to the sum of the previous R sine- 
differences). The R sine-difference (corresponding to 
the daily motion of the Moon's mean anomaly) thus 
obtained multiplied by the (Moon's tabulated) epicycle 
and divided by 80 should be subtracted from or added 
to the Moon's mean daily motion as before (in the case 
of the Sun, i.e., according as the Moon's anomaly is in 
the half-orbit commencing with the Sign Capricorn 
or in that commencing with the Sign Cancer). This is 
known as (the Moon's) true (daily motion). (11-13) 

Defects of the jivdbhukti 

(According to the rules stated above), whilst the Sun 
or the Moon moves in the (same) element of arc, there 
is no change in the rate of motion because (the current 
R sine-difference being fixed throughout that element) 
the R sine-difference does not decrease or increase: 



1 The twenty-four divisions of a quadrant, each equal to 225', the 
R sine differences of which have been tabulated by Aryabhata I, 
are called "elements of arc", or * 'elementary arcs". 



when viewed in this way, this jivdbhukti is defective. 
(14-15a) 

Author's view on true daily motion 

The karnabhukti or the difference between the true 
(longitudes) for two consecutive days is the true (daily) 
motion. (15b). (KSS) 

13.7.9. i^^} ^RPTffFT ^W^TTf: ST^T '^'^t f# 

FTT: 'jtsR; feM*f l" <sN^q jq% It ^ II 

^Tfr^R^r^^T WU: Ff^T: FT: II ^ II 

(Lalla, SiDhVr., 13. 4-6) 

Lalla: True long, and motion — Laghujya method 

(In the Laghujya method), multiply the R sine of the 
mean anomaly of the Sun or Moon by its mandagunaka. 
Then multiply each product by 2 and divide by 7. The 
results in minutes etc. are their respective mandaphalas. 
Hence find their true longitudes as before. 

Divide the Sun's bhogyakhanda by 11. The result is 
the Sun's mandagatiphala or correction to be given to its 
mean motion. 

Multiply the Moon's bhogyakhanda by 3 and subtract 
from the product 1/7 of the bhogyakhanda. The result 
is the correction to be given to the Moon's motion. 

These corrections should be added to or subtracted 
from the respective mean motions of the Sun and Moon 
as instructed before. (4) 

Multiply the R sines of the mean anomalies or the 
mandakendras of Mars, Mercury, Jupiter, Venus and 
Saturn by their respective corrected mandagunakas. Then 
multiply each product by 2 and divide by 7. The results 
in minutes are the respective mandaphalas of these planets. 
These should be added to or subtracted from their 
respective mean longitudes as explained before. (5) 

As before, multiply the R sine and R cosine of the 
sighrakendra of a planet by its correct sighragunaka and 
divide the product by 80. Hence find the R sine of 
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stghraphala, etc. as said before. And hence the corres- 
ponding arc. Thus the true longitudes of the planets 
are calculated. 1 (6). (BG) 

13. 7*. io. H^im i": *r<rarr: TO??!: <fkii«i<fl I 

fTcrn^M^T WT^f^rkf+l: fq^¥^T: STf^: 11*1^11 

^mft ^^^ ^t: ij^iwiW 11 ^ 11 

^H4 c| ^?M < f | rt t OTEFra'H'^H^: *<=HMl II ^° 11 

(Brahmagupta, 1.1.16-20; 2.1.5) 

True Sun and Moon — ABh. Midnight System 

35', 67', 95', 116', 129' and 134' are the mandaphalas 
of the Sun for every half Sign of the mandakendra; that 
is, when the mandakendras are respectively 15°, 30°, 45°, 
60°, 75° and 90°. (16) 

77', 148', 209', 256', 286' and 296' are the mandaphalas 
of the Moon. 

When the longitude of a planet's mandocca is deducted 
from its mean longitude, the remainder is its manda 
kendra. (17) 

When the mandakendra is in an odd quadrant, the 
mandaphala should be calculated from the arc of the 
quadrant passed over, and when it is in an even quadrant, 
from the arc to be passed over. This mandaphala should 
be added to or subtracted from the mean longitude of 
the planet, according as the mandakendra is greater or 
less than 6 Signs. 

A further correction for the Moon is 1/27 of the 
mandaphala of the Sun applied positively or negatively 
as in the case of the Sun. (18) 

One should divide the Sun's bhogyamdnapindaka, (the 
difference between the bhuktamandaphala and the 
bhogyamandaphala) by 15, and 7 times that of the Moon 
by 8. The results are their mandagatiphatas, respectively. 
These should be applied to their respective mean 



* For the rationale, see &DhVr. BC, II. 212-17. 
11 _* 



motions negatively, positively, positively or negatively, 
according as the mandakendra is in the first, second, third 
or fourth quadrant. (The results are the corrected 
motions of the Sun and the Moon, respectively). (19) 

When the daily motion of the mandakendra of the Sun 
or Moon is multiplied by the bhogyakhanda (that is, 
bhogyamdnapindaka), and the product divided by 900, 
the result is the mandagatiphala of the Sun or Moon 
accordingly (and is to be applied as explained in the 
previous verse) . 

In the same manner, the mandagatigphalas of Venus and 
other planets may be calculated and applied to their 
mean motions negatively, positively, positively ot 
negatively (according as the mandakendra is in the 
first, second, third or fourth quadrant. The results 
are the corrected motions of the sun, moon and the 
planets). 1 (20) 

Emendation by Brahmagupta: Bhujdntara 

The mandaphalas of the Sun (calculated according to 
KK LI. 16) should be decreased by 1/42 part, and those 
of the Moon (calculated according to KK, 1.1.17) 
should be increased by 1/52 part. 

Multiply the daily motion of any planet by the Sun's 
mandaphala and divide the product by 21,600. The 
result is bhujdntara, which should be added to the longi- 
tude of the planet, if the mandaphala is added to the Sun's 
longitude ; and subtracted, if the mandaphala is subtracted. 
This gives the longitude of the planet corrected by 
bhujdntara. (5) . (BC) 

TfsFfe:— q4f«4lti: 

13. 7. 11. tpf Pwfa ®m *tt forrtfsrT n <\R u 

^FSTTSTS? c^fT5^T% ?F3T$ft ^f^ft *TCT I 
dTHI*HHft JIIHIW^iblPdfiiPd+l: tl *1X 11 

1 For the rationale and formulae involved, see KK: BC, I. App. 
vii. pp. 222-95. 
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mvft srWr wn?r ^r^rfcfet *rta; 1 1 

(Su.Si, 3. 12b-19) 

True Sun — Suryasiddhanta 

In like manner, the equatorial shadow which is cast 
at midday at one's place of observation upon the north 
and south line of the dial— that is the equinoctial 
shadow (visuvatprabha) of that place. (12b-13a) 

The Radius, multiplied, respectively, by gnomon and 
shadow, and divided by the equinoctial hypotenuse 
gives the sines of co-latitude (lamba) and of latitude 
(aksa); the corresponding arcs are co-latitude arid 
latitude, always south. (13b- 14a) 

The midday shadow is the base (bhuja) ; if radius be 
multiplied by that and the product divided by the 
corresponding hypotenuse, the result, converted to arc, 
is the Sun's zenith-distance (nata), in minutes; this, when 
the base is south, is north, and when the base is north, 
is south. (14b-15.) 

Of the Sun's zenith-distance and its declination, in 
minutes, take the sum, when their direction is different, 
and the' difference, when it is the same; the result is the 
latitude, in minutes. From this find the sine of latitude; 
subtract its square from the square of radius, and the 
square-root of the remainder is the sine of co-latitude. 
(15-1 6a) 

The sine of latitude, multiplied by twelve, and divided 
by the sine of co-latitude, gives the equinoctial shadow. 
(16b) 

The difference of the latitude of the place of 
observation and the Sun's meridian zenith-distance in 
degrees, (natabhagas) , if their direction be the same, or 
their sum if their direction be different, is the Sun's 
declination. (17) 

If the sine of this latter be multiplied by radius and 
divided by the sine of greatest declination, the result, 
converted to arc will be the Sun's longitude, if it is in 
the quadrant commencing with Aries. (18) 

If in that commencing with Cancer, subtract from a 
half-circle; if in that commencing with Libra, add a 
half-circle; if in that commencing with Capricorn, 
subtract from a circle; the result, in each case, is the 
true (sphuta) longitude of the Sun at midday. 1 (19) 
(E. Burgess) 



i For elucidation, sec Su.Six Burgess s pp. 121-24. 



« •* 

13. 7. 12. Ttr^^fpff fesfM f^m Ttf- 

*M*kfi^lfOT ^TTC Spfrf f^RW ! 

fT^^'wi^ft'sm II II 
THf^fjRT faffed ^ dSl<sq TO: 

W-'Z gpffajWd+^ld ST II ^ II 

(Ganesa, Gh. 2.1-4) 
True Sun and Moon — Grahalaghava 

Bhuja and Koti. If the mean position of a planet is 
less than 3 rasis (90°), then that itself its bhuja; if it 
is more than 90°, then take the difference between 
it and 180°; if it is greater the 180°, subtract 180 
from it; if greater than 270° subtract from 360° (i.e., 
12 rasis, cakrd). 

The difference between 90° and bhuja is the koti. The 
position of Sun's apogee is 78 degrees (2 rasis, 18 
degrees). (1) 

True .positions of Sun and Moon. From the mandocca 
subtract the position of the planet. The result gives 
mandakendra. The mandaphala is to be added if the Sun 
is in the six rasis from Mesa ; this is to be subtracted if it 
is in the six rdhs from Tula. 

Mandaphala. Convert the Sun's position into bhuja 
in degrees. Divide it by 9 and add 20 degrees to the 
quotient. Multiply this by the quotient. Keep this 
separate, (say x) . Find 5 7 ° — */9 =)>. Convert x and y into 
secorjds and find x\y. That in degrees, minutes and 
seconds gives the mandaphala. (2) 

Mandaphala of Moon. Convert the position of Moon 
into bhuja in degrees. Divide by 6 and subtract the 
quotient from 30°. Multiply the balance by the 
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quotient (say x). Find 56°— */20=^, and xfr. The 
result gives Moon's mandaphala. 

When the corrections for mandaphala are carried out, 
the Sun and the Moon have their true positions. (3) 

Daily motion of Sun and Moon. From the central posi- 
tions of Sun and Moon find the koti. (First calculate bhuja 
and take Wf—bkuja for koti), in degrees. Divide by 20. 
Subtract the quotient from 1 1 and multiply the balance 
by the quotient, If this product (say *) is divided by 
13, we get the daily motion of the Sun. Multiply at by 2. 
Add at/6. (Find 2*+#/6). This gives the daily motion 
of the Moon. 

For six rdlis from karkafa this gatiphala is to be added 
to mandakendra; it should be subtracted for six rasis from 
Makara. (4). (VSN) 

13. 7. 13. , &5TT , *«MMfifatfH M 3 II 

^furfwr ijfaftmT ^Ufcr^rr tftoro^ i 
^T^r PHiwra' ^ fenr 11 * 11 

^TCPT fe?fTT 

TT^tCT ^rnt^r ^3^: t 
*mrrf ^tt^ ^tt: m 

fsnrm *him i 

■sftr^f s°Tr^f ^rrjf ftn^i^ 1 1 
st^tw enS^s - jpftvr t^ff 

,^STsJ fiTOT: fer##*Trssf#: It *a II 

(Fif, 1. 3b-5b) 

True Sun — Vakyakarana 

Divide the Kali days to the end of the true year by 7. 
The remainder is the dhruva, to which should be added 
each of the mnemonics beginning with Srirgunamitra 
given at the rate of a foot (of 5 letters) for each, to get the 



time and week-day of the succeeding Sankramanas, 
Rsabha etc. (3-4) 

Stir gunamitra mnemonics 

The mnemonics in days etc. are: 2-55-32; 6-19-44; 
2-56-22; 6-24-34; 2-26-44 ; 4-54-6; 6-48-13; 1-18-37; 
2-39-30; 4-6-46; 5-55-10; 1-15-31. (4*A) 

To get the True Sun, as a first approximation take the 
vinddis, nddis and days elapsed from the Mesa-sankra- 
mana as the Sun etc. Deduct the minutes of arc 
corresponding to the vinddis etc. (taking the minutes 
from the mnemonics Bhupajna etc. which are given for 
10, 20, 30 etc. days from Mesa-sarikrarnana) . The 
True Sun in degrees, minutes and seconds is got. (4b-5a) 

Bhupa mnemonics 

The deductive minutes given by the mnemonics are : 
(1) 14, (2) 32, (3) 54, (4) 78, (5) 105, (6) 133, (7) 163, 
(8) 194, (9). 224, (10) 254, (11) 284, (12) 311, (13) 335, 
(14) 358, (15) 376, (16) 391, (17) 403, (18) 411, (19) 415, 
(20) 416, (21) 412, (22) 406, (23) 398, (24) 386, (25) 374, 
(26) 361, (27) 347, (28) 334, (29) 322, (30) 311, (31). 303, 
(32) 297, (33) 295, (34) 296, (35) 301, (36) 309, (37) 322. 
(5-A) T ' - 

(Deducting from 32, 32 from 54, etc., get the intervals 
in minutes. Divide this by 10, and deduct from 60 
minutes if the succeeding mnemonic is greater than the 
previous.) If the succeeding is less add to 60 minutes. 
The daily True Motion in minutes is got, during the 
corresponding ten-day interval. 1 (5b). (TSK-KVS) 

13. 7. 14. 't^Hg^'nRttUK 'tsrfft*:' I 

MW: ^nT^ ^i^oywte^fa: I 

'fH^S^^iTSffa"' ^^*fl^l^W+*i' II *\ ° II 

d^fa^P^d! sr, ^sf?T% m: II <R H 
'j^^W-H W I rill <i^ll^rd ^T^TT: I 

^dify+ 'yjq^fr^"' f^R^npf er*t i 

(VK y 1. 9-14a) 

True Moon — Vakyakarana 

Deduct 16,00,984 from the Kali days. Divide the 
remainder by 12,372. Divide the remainder after this 



1 For worked out example see VK: TSK-KVS, p. 253. 
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division by 3031. Divide the remainder of this by 248. 
The remainder of this is the number of the mnemonics 
to be taken from the Moon's mnemonic-tables beginning 
with Girnab, sreyah. 1 Multiply 9 r 27° 48' 10" by the 
first quotient, ll r 7° 31' 1" by the second quotient, 
and r 27° 44' 6" by the third quotient; add them up 
and add T 2° 0' 7". This sum is the Moon's dkruva. 
Add to this the value of the mnemonic from the table. 
The Uncorrected True Moon is got. (9-11) 

Multiply the second quotient by 8 and deduct this 
from the third quotient multiplied by 32. The result 
are plus-vinadis. If the third quotient is zero, the product 
of the second quotient by 8 alone should be taken and 
treated as minus-vinadis. Deduct 13° 11' from the true 
daily motion in degrees, and multiply the degrees etc. 
by the plus or minus-vinadis. The result are plus or minus 
seconds of arc etc., and these should be applied to the 
Uncorrected true Moon. If the daily motion is less 
than 13° IT, then the defect is to be multiplied by the 
plus or minus vinddis and the resulting seconds should 
be taken as minus or plus seconds, respectively, and 
applied to the Uncorrected True Moon. The True 
Moon is got . 2 (1 2-14a) . (TSK-KVS) 

Moon sentences 'giraah sreyah 9 etc. of vararuci 



Days 


Vakya 


r 







1 







12 


3 









24 


9 






1 


6 


22 






1 


18 


44 


5 




2 


1 


19 






2 


14 


9 






2 


27 


13 




«HvH jpnj 


3 


10 


33 






3 


24 


9 


10 




4 


7 


58 






4 


21 


58 






5 


6 


8 






5 


20 


25 






6 


4 


44 


15 




6 


19 


2 






7 


3 


15 






7 


17 


22 






8 


1 


17 






8 


15 


1 



1 For this table, known as Vararuci-vdkyani by Kerala- Vararuci, 
see below. 

2 For worked out example see, VK\T$K-KVS 9 p. 254. 



Days 


Vakya 


r 







20 




8 


28 


29 






9 


11 


42 




1 * 1 1 1 


9 


24 


40 






10 


7 


23 






10 


19 


52 


25 


TT5T: «t*4rTcT 


11 


2 


10 






11 


14 


19 






11 


26 


24 









8 


26 









20 


30 


30 




1 


2 


38 




"I'M T * \ 1 


1 


14 


55 






1 


27 


23 






2 


10 


4 






2 


23 







TtFPTTrT H 1 4 1 1 * 


«j 




19 




I G(*| r C( * iTi v| 




19 








4 




21 






4 


17 


15 






5 


1 


20 


A A 




O 


la 








O 




ol 






O 


^:1 


1 A 






6 


28 


27 






7 


12 


37 


45 




7 
/ 




oy 






o 
o 


1 A 

10 


QA 






Q 

o 




/ 






9 


7 


29 




^Tvft# WR*T 


9 


20 


35 


OU 


btVt aft-iT rrrra- 

STTC TrTT 


1U 


o 
O 


ZD 






1 A 
1U 


lb 


o 
I 




!_JW * II j 1 , t 1' ■ JIT • J I 1 4 


i n 


zo 


ZD 






11 


10 


40 




eft* ftPTRTr: 


11 


22 


46 


55 




u 


fr 








n 
u 


1 v-> 


JZ 






U 




Do 






1 


1 1 








1 


23 


31 


60 


OT: 


2 


6 


5 






2 


18 


52 




**I*HI^I"JH: 


3 


1 


55 






3 


15 


14 






3 


28 


47 
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Days 


Vdkya 


r 







65 


lift JI'fil-ITJ -^1 II 


*? 


19 
1 z 


DO 






4 


26 


34 




rr, ; -i- rr 


R 





44. 






5 


24 


59 






6 


9 


18 


/u 




6 


23 


36 






7 


7 


^1 






7 


91 

Zl 


JO 






8 


5 


55 




?TTf^: <TT% 


8 


19 


40 


75 


• rr 






10 




iii jrj 311' <J 1" 


9 


16 


25 






Q 


9Q 
Zi* 


94 






10 


12 


8 




Saw: fasrtem; 


10 


24 


39 


80 






fi 
\> 








1 1 


1Q 


« 
o 






n 

u 


1 


■I \J 









13 


15 




SRI: WT: 





25 


19 


85 


... r> .p. ... 


i 
i 


7 


97 
z / 






i 
i 


1Q 








o 
Z 


9 


10 






2 


14 


49 






2 


27 


43 


90 




Q 


in 


03 






O 

a 


94. 
Zt* 


1ft 






4- 


7 


58 






4 


21 


52 






5 


5 


56 


95 


^PTHt ^T: 


5 


20 


8 






6 


4 


or* 

26 






6 


18 


A C 

45 






7 


3 


2 






7 


17 


13 


100 




8 


1 


17 






8 


15 


8 






8 


28 


47 






q 


19 

X Z 


10 






9 


25 


18 


105 




10 


8 


11 






10 


20 


48 




fa«MMi ^rf: 


11 


3 


14 






11 


15 


28 






11 


27 


36 



Days 


Vdkya 


r 




r 


l lUr 







q 


39 









21 


41 






1 

X 




46 






1 


15 


58 






1 


28 


18 


1 1 t 

1 10 




9 


10 


50 






9 


9^ 


^6 

JV 






(I 




S7 




f^sfr^r ?Mt 


3 


19 


54 






4 


3 


26 


1 OA 

lzU 




4 


1 7 


19 
1 z 




mslvi ftrftr 




1 

l 


11 






«i 


1 ^ 






TTRT 


5 


29 


34 




TTRT 


6 


13 


52 


1 OK 

1/5 




fL 
\J 


9ft 


19 






7 


12 


25 






7 


96 


33 






8 


10 


32 






8 


24 


18 


1 Art 




Q 


7 


50 




*1*1NI . ^lal • 


Q 

<j 


21 


7 






10 


4 


8 






10 


16 


54 






10 


29 


26 


135 




1 1 


1 1 


46 






11 


23 


58 






o 


6 


3 









18 


5 






1 





8 


140 


•v _____ 


1 

1 


1 o 


lo 






1 


O/t 

24 


on 

o\J 




° * 


ft 


c 
D 


RA 
OO 






2 


19 


33 






3 


2 


26 


145 




Q 
O 


1 Fi 

10 


CIA 






5 


oo 

ZO 


0/ 






4- 


19 








^* 


9R 
zO 


1 7 
1 / 






5 


10 


31 


150 




5 


24 


42 






6 


8 


59 






6 


23 


18 






7 


7 


36 






7 


21 


48 
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Days Vdkya 

155 «pmt fr^T 

160 WW: <TFfOT 

165 fclKHj^ t 
qf^rT TT?f: 

170 ^TfPT^«ft* 

TtSTT ^RT TT?T 
FTTcT ^f : 

175 SP*T: ^TT^' 

180 ^ft^rr tt?t: Iftt 

3TT*iT SPOT 3T 
185 ^TFTTt^: 

195 

SPT: ^v^i 



8 
1 
9 
9 
10 



5 

19 
3 

16 




14 
26 



52 
46 
26 
51 
1 



Days 
200 



10 12 55 

10 25 34 

11 8 1 
11 20 17 
2 25 



29 
31 



1 


8 


36 


1 


20 


46 


2 


3 


5 


2 


15 


36 


2 


28 


20 


3 


11 


19 


3 


24 


34 


4 


8 


4 


4 


21 


49 


5 


5 


46 


5 


19 


53 


6 


4 


8 


6 


18 


26 


7 


2 


45 


7 


17 





8 


1 


10 


8 


15 


9 


8 


28 


57 


9 


12 


30 


9 


25 


49 


10 


8 


52 


10 


21 


39 


11 


4 


13 


11 


16 


' 34 


11 


28 


46 





10 


52 





22 


55 


1 


4 


58 


1 


17 : 


4 


1 


29 


18 


2 


11 


42 


2 


24 


18 


3 


7 


9 



205 



Vdkya 



210 ST TfsT: TT? 



215 3R^f ?TT*rf: 

220. ^ SF^ 

ST*TT*ff IT: 
225 ^Mlvi ^OT 

*pft gtrt 

230 g^rferfW: 

STTTTfa: SPRT: 

235 ERT: ^ 5 TFT' 
240 *ff*T: *TTC 



r 







3 


20 


i k 


4 


3 


0/ 


4 


17 


1 A 


5 


1 


5 


5 


15 


7 


5 


on 


i 7 


6 


1 o 

13 


j4 


6 


27 




7 


12 


11 


7 


26 


24 


8 


1 A 


OQ 


8 


CIA 

24 




9 


o 
O 


D 


9 


21 


32 


10 


4 


44 


10 


17 


40 


11 





21 


11 


12 


49 


11 


25 


6 





7 


14 





19 


1 Q 


1 


1 


on 


1 


1 o 

13 


OR 

Id 


1 


25 


34 


2 


7 


52 


2 


20 


01 


3 


o 

3 


A 

4 


3 


16 





3 


29 


15 


4 


12 


43 


4 


26 


27 


5 


10 


22 


5 


24 


29 




« 


42 


6 


23 





7 


7 


19 


7 


21 


36 


8 


5 


46 


8 


19 


46 


9 


3 


35 


9 


17 


11 


10 





31 


10 


13 


35 


10 


26 


25 


11 


9 
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13.8. 1 



Days 
245 



Vdkya 



r 


o 




11 


21 


22 





3 


35 





15 


41 





27 


44 



248 w 

Method for the verification of the vdkyas: 

^rr= TO<il^^ %n?T'(248) 1 

Wrf?wmT^ ( 1w sfteq- 5^rt' ii 

" Six ras*is plus half 'JJtairf Jif&W (0 r 27° 44') is the 
middle, i.e. 124th vdkya. The first vdkya, 'Girnah sreyaV 
(0 r 12° 3') plus the penultimate vdkya ' Kaveh sakyanC 
((? 15° 41') is 'Bhavet sukham: Therefore whenever 
there is a doubt regarding the letters of any vdkya, 
deduct its serial number from 248 and take the vdkya 
corresponding to the remainder; deduct this vdkya from 
l Bhavet sukham'. (The doubtful vdkya should agree with 
the result). 

For the 248 'Moon sentences' correct to the seconds 
and the rationale of the verification, see K. V. Sarma, 
Computation of True Moon, (Hoshiarpur, 1973), pp. 46-59. 

13.7.15. iTTcim fewm HT^T: 

'^Wferppr ^ ^n^f2i% n ^ ii 

(Pancabodha, 2) 

True Sun — Paficabodha 

(The number of) the elapsed (solar) (months counted 
from Mesa), the days, and the nddis up to the chosen 
time, placed in sequential order, form, respectively, the 
rdsis, degrees and minutes of true Sun at that time. The 
correction enunciated in the chrongrams beginning 
with yogya shall have to be applied to the seconds. 1 (2) 



1 The seconds corrections^^ etc. are given below 
Days of the month 

1-8 * 9-16 

—11 —14 

—19 —21 

—24 —25 

—24 —23 

—19 —17 

—11 —8 

—1 +1 

+6 +8 

+ 10 +11 

+ 11 +9 

+6 +4 
-2 



Mesa 
Rsabha 
Mithuna 
Kataka 
Simha 
Kanya 
Tula 
VrScika 
Dhanu 
Makara 
Kumbha 
Mina 



17-24 


25 to end 


—16 


—17 


—22 


—24 


—25 


—24 


—22 


—21 


—15 


—13 


— 6 


— 5 


+3 


+5 


+9 


+ 10 


+ H 


+ 11 


+8 


+7 


+2 


+0 


—7 


—10 



13. 7. 16. ^m^tw ff?* ii * a ii 

'ftf^:' I 

#^^^w^t; ii <H ii 

*IT^ ^TTIft: W: WW- M 13 II 
^cTT q^r: ^W^MMdd^tfW: I 
^^IM^Mdl^ 'TmmT't^ft q^t ifa: II V II 
(Pancabodka, 5a, 12-14) 

True Moon — Paficabodha 

The sum of the lunar chronogram and the Dhruva 
(for the derivation of which both, see below), is the true 
Moon at sunrise on the current day. (5a) 

Lunar chronogram 

Subtract from the current Kali day, the number 
17,41,650, (being the cut off day of this karana text), and 
divide the remainder successively by 12372, 3031 and 
248. The final remainder gives the number of th e lunar 
chronogram (vide Moon sentences table under 13.7.14, 
above) for the current day. (12) 

Dhruva 

With the three quotients (obtained during the previous 
operation) multiply, in order, the three terms 9 r 27° 48° 
9" 44", ll r 7° 31' 10" 16"', and r 27° 43' 28" 39"'. 
To the sum of the products obtained, add the term l r 6° 
31' 41" 31'". (The mean dhruva or the dhruva at the 
Prime meridian, is obtained.) (In order to reduce this 
to the particular place), the term 12° 2° is to be multi- 
plied by the longitudinal correction in vinddikds of the 
place, and the product added to the mean dhruva. 
(12-13). (KVS) 

— aiM*MtaWi: 
13. 8. 1. I N l< ft *iftn*sKi : I 

^r^qfrn: frrr i^Hi^i^ : n n 11 



These corrections have to be applied negatively from the first day 
ft f Mina, and positively from t}ie,9th of Tula, as indicated by the 



minus and plus signs prefixed to the numbers m the table. For days 
lea Xfn eight, the correction has to be calculated proportionately. 
T^rreXn for any date beyond 8 is the sum of the correction for 
leprS-sof the month and the portion for the current 8. 
Thewoportion for the days beyond 24 has to be done on the basis 
of the number of the remaining days of the month. 
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ft Rim Ml 3fT ^W: r ^W^TRFT^T: I 

(Bhaskara I, LBh., 1. 15-17) 

Mean Planets 

Principles of computation 

Divide the product of the revolution -number of a 
planet and the ahargana by the (number of) civil days 
(in 2, yuga) ; thus are obtained the (number of) revolutions 
(performed by that planet). From the (successive) 
remainders multiplied respectively by 12, 30, and 60 
and divided by the same divisor (viz. the number of civil 
days in a yuga) are obtained the Signs, degrees, and 
minutes, etc. (of the mean longitude of that planet for 
mean at Lanka) . (15-16) 

To the (mean) longitude of the Moon's apogee 
(obtained by the above rule) , add three Signs, and to that 
of the Moon's ascending node add six Signs, and sub- 
tract (the latter result) from a circle (i.e., from 360°). 
(17). (KSS) 

13. 8. 2. 3t^T*F *N<H^I£d 

^J l ^HKI^^^Wfa"!!^ M 1«s II 

fflTfjfHwfeW II <R II 

(Lalla, §iDhVr. y 1. 17-19) 

The ahargana multiplied by the number of revolutions 
of a planet and divided by the number of civil days (in a 
yuga) gives the mean longitude of the planet in 
revolutions, etc. 

Or, the mean longitude of the Sun expressed in 
minutes, multiplied by the number of revolutions of a 
planet and divided by the number of revolutions of the 
Sun (in a yuga), gives the mean longitude of the planet 
in minutes (at that time). (17) 

Or, the ahargana multiplied by 576 and divided by 
2,10,389, gives the longitude of the Sun, Mercury or 



Venus and that of the sigkrocca of Mars, Jupiter or 
Saturn. (18) 

Of the ahargana multiplied by 78,898 and divided by 
21,55,625, gives the mean longitude of the Moon in 
revolutions. 1 (19). (BG) 



13. 8. 3. ^ ' ^l^^ftglM^^m i - 

^cft VM'lHH cKlkHcW II RX II 

yf^fakll^dUlwiH^i: 
yRl4^!M^dl: 4Hlft+: 1 

(Lalla, SiDhVr., 1. 20-26) 

— Lalla, Alternate method 

Multiply the ahargana by the difference of the number 
of revolutions of any two planets and divide by the 
number of civil days (in a yuga). Subtract the result 
from the greater longitude (of the two planets) . The 
remainder is the lesser longitude. Again add the result 
lo the lesser longitude and the sum is the greater 
longitude. (25) 

The number of revolutions of the planet the longitude 
of which is required, when multiplied by the given 
longitude of another planet, expressed in minutes, and 
divided by the number of revolutions of the latter, gives 
its mean longitude in minutes. 

The longitude of a planet is the sum of its apogee and 
mean anomaly. It is also equal to the difference of its 
sigkrocca and sighrakendra. 2 (26). BC) 

13. 8. 4. ft^l^NHftH^ld fPI 

WlWf uifcfWdd) ii ^ ii 

(ABh. II, MM., 1.27) 

Multiply the ahargana by (the number of) the sidereal 
days (of any planet in a kalpa) and divide by 131,493- 
128,500. Subtract the quotient in Signs from (the 
position of) the Sun (in Signs, and the difference is the 
position of) that given planet in Signs etc. 3 (27). (SRS) 

1 For the rationale, see SiDhVf . BC, II. 13-15. 

8 For elucidation and notes see $iDhVr\ BC II. 16-18. 

2 For the rationale, see Mahd.x SRS, pt. II. p. 14. 
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18. 8. 5. 

(Bhaskara I, MBh., 1.20) 

— Bhaskara I 

Divide the {yojanas of the) circumference of the sky by 
the number of civil days (in a yuga) : the result is the 
number of yojanas traversed (by a planet) per day. By 
those {yojanas) multiply the ahargana and then divide 
(the product) by the length (in yojanas) of the own orbit 
of the planet. From that are obtained the revolutions, 
Signs, etc. (of the mean longitude of the planet). (20). 
(KSS) 

— R 

13. 8. 6. 3TfFTKT 'sf^H^I^'Pt^ii- 



Pwfad: wld4V*Mlft II V9 II 
^TT FPIT mft* ^ ^fZTT 

<T#3" eft ^ <feWdlVMk*Jl Mill 

(Bhaskara II, 1.1.4. 7-9) 

—Bhaskara II 

The ahargana multiplied by 11,859 decreased by the 
quotient obtained by dividing the product of the ahargana 
and 9921 by 35,419 gives the distance covered by a planet 
in yojanas. These yojanas divided by the circumference 
of the planet's orbit gives the fraction of a revolution 
and the integral number of revolutions made. (7-8a) 

The orbit of the planet itself is no doubt the orbit of 
the mandocca (apogee with respect to the Sun and the 
Moon and aphelion with respect to the other star- 
planets (Mars, Mercury, Jupiter, Venus and Saturn) 
and of the node (point of intersection of the orbits of the 
star-planets with the ecliptic); but while computing 
the positions of these mandoccas and the nodes, by the 
method indicated above, their orbits are taken to differ 
from those of the planets, (because slow-moving planets 
will have longer orbits as per the assumption made, 



namely that the circumference of the universe divided 
by the number of the sidereal revolutions gives the length 
of the orbits) . Similarly, the orbit of the Sun itself will 
be the orbit of Mercury and Venus, and the orbits of 
their Hghroccas are their real orbits wherein Mercury 
and Venus are taken to move with the velocity of the 
Sun. (Sb-9) 1 . (AS) 

13. 9. 1. rn* ftwiVK^i dKli^fd^S^fa^M I 
dd^W*fl ^-Hldl i?WH«Ew| II T M 



*TWarq: 
^iPhmwih: 



sprit jstft '^r'^f 3 'wreq^y^ II \ II 

# wrr: sNt *rsW|T:^fe i i 3 n 

W W «*nwilWkM"<i: 5^tft I 
'JR^T.' f^TFT ^TT:, yfrm 'smT:' fwTszmg l|V| i 

<lB(H^4|*i#lff4 +Hir«Wl(d4$*H)dl: I 
'h^T"^ ftf^RTT: SRfiH HSZR^T II K II 

#T: f^T W^H^f^l-H' TOTKTT: II ^ II 
Jlld'lRMd 3Wl"ST 'w^H^^dl^'^Tf^ I 

s^tot^tt: d<M<uw wrr^rr: II \9 It 



arferCT ^TT fafafctfr l W l ^jfrld i: II * II 

^rr: few fe^TT: ^lRK^H=iM^I«K^Hl:' II 
(Varaha, PS, 16.1-9) 

Mean planets — Computation 
Saurasiddhanta 

The following are the positions of the star-planets at 
midnight at Ujjain according to the Arka (i.e. Saura) 
siddhdnta. For their computation, the mean Sun should 
be taken as mean Mercury and Venus. (1) 

Mean Jupiter 

For mean Jupiter multiply the days from epoch by 
100 and divide by 4,33,232. Revolutions etc. are got. 
Deduct 10"' per revolution. Add 8° 60' 20'" (viz., the 
mean at epoch), (which is called ksepa). (A btja 

1 For the rationale, see Si£i: AS, pp. 50-52. 
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correction for the planets given by Varahamihira is 
given in verses 10-11, below.) (2a) 

Mean Mars 

For mean Mars, multiply the days by 1 and 687. 
Revolutions etc. are got. Add 14" per revolution. 
Add also 2 r 1 5° 35' 0", (the mean at epoch) . (2b) 

Mean Saturn 

For mean Saturn, multiply the days by 1000 and 
divide by 1,07,66,066. Revolutions etc. are got. 
Deduct 5"' per revolution. Add 4 r 2° 28' 49", (the mean 
at epoch). (3) 1 

Mean Mercury 

For 'mean Mercury' (called sighra) , multiply the days 
by 100 and divide by 8797. Add 4|"' per revolution. 
Add 4 r 28° 17' 0", (the sighra at epoch). (Add the 
bija correction given in verses 10-11) (7) 

Mean Venus 

For mean Venus (called sighra) , multiply the days by 
10, and divide by 2247. Revolutions etc. are got. Add 
10|" per revolution. Add 8 r 27° 30' 39", (the sighra 
at epoch). (Add also the bija correction in verses 
10-11). (8) 

Twentyeight degrees in Sirhha and seventeen minutes 
(i.e. 4 r 28° 17') are to be added to the sighra of Mercury. 
From the sighra of Venus 3,32,961 seconds (3 r 2° 29' 21") 
are to be deducted. (9). (TSK) 

13. 9. 2. #3TT: '^r^ft^FrT: srftm ^samfsrf^ I 

(Varaha, PS, 13. 10-11) 

Varahamihira's correction to Saura 

Add 17" per year to mean Mars. Deduct 10" per 
year from mean Jupiter. Add 7 \' per year to mean 
Saturn. Subtract 45" per year from (the sighra) of 
Venus. Add 120" per year to (the sighra) of Mercury. 
In addition, subtract 1400" (i.e. 23' 20") constant from 
Jupiter's mean. (10-11) . (TSK) 



wfssicf w^Tsrn;: n ^ n 

^T^^W^dlki 

5rfd fen 'h *\ **i tk\ fa r^i%f«r' 

VfHdHH*md<=b- 

HV4<A\[<*lk: II V It 

' H d fd fad^l 4*1 fel 'ftf'M Ph ^1 < T H Hid "1 <%1 ^ I 




*r:' *ftft: 11 5 11 

(Deva, KR, 7.2-6) 



13. 9. 3. fitted T^lRstRlRsl- 

^kRiHsH^H ST^ 4d ^4 FVl d H I 



— Karanaratna 

Set down the ahargana in two places, one below the 
other. Divide the lower number by 26,83,533, then 
add the (resulting) quotient as well as 1 J to the upper 
number, and then divide that by 687: the result is the 
mean longitude of Mars in terms of revolutions etc. (2) 

Mercury's sighrocca 

To 133 times the ahargana add the ahargana divided by 
14,81 6 plus 1591, and then divide the (resulting) sum by 
11,700: the result is the mean longitude of the sighrocca 
of Mercury in terms of revolutions etc. (3) 

Jupiter 

Diminish the ahargana by 1/15,917 of itself and add 
2311, then divide that by 4332: the result is the mean 
longitude of Jupiter in terms of revolutions etc. (4) 

Venus' s sighrocca 

From 53 times the ahargana subtract the ahargana 
divided by 1,79,146 then add 8770, and then divide by 
11,909; the result is the mean longitude of the sighrocca 
of Venus, in terms of revolutions. (5) 

Saturn 

Subtract the ahargana by 1/1,66,517 of itself, then add 
6250 minus 1 /3, and then divide by 10,766 : the result 
is the mean longitude of Saturn, in terms of revolutions. 1 
(6). (KSS) 



1 Translation of verses 4-6 and the corrections indicated therein 
have been incorporated in the translation of 2-3. 



1 For rationales and parallels, see KR: KSS, pp. 81-86. 
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13. 10. 1. ^pjiT^q" ^ qrteflH^K^ ^T^RWT^ft: ; F£HT- 
«Nrt, ?T 5?T: d^WllR^Tw^M I 3Tcf WFF* TCT^T^ 

S ^ «TM*R* I wU l: HMI+d+T: ^ M^lfad ^ftt?T 
crrcHTSTW Rif^di: 1 1 

(Nilakantha Somayaji, JyM, p. 5) 

Correction of mean planets 

The exactitude of the Aryabhatiya for all times and 
climes is on account of its advocating the practice of 
testing and verification and not on account of the revolu- 
tion numbers enumerated in the work. Indeed, it is 
the rule for observation and correction given by it (ABk. 
4.48) that confers on it the distinction which it enjoys 
amongst the Siddhantas. Thus, its being entrenched on 
reasoning, instead of being a detraction, is a matter for 
compliment in that by causing a doubt Aryabhata 
makes one test and verify and, thereby, enable observers 
to rectify (the system) by means of 'corrections', as 
necessary. 

The several 'correction verses' enunciated by different 
astronomers have been noted by Suryadeva (Yajvan) 
in his commentary Vdsana (on the Laghumdnasa of 
Munjala, Upodghdtaprakarana, 1-2), in order that they 
might all be available at one place. 

13. 11. l. otsrsrott: ^T^T jft fcfl-HI^ I 

9rft-*r§-j#tj j^smTjf eft s^rfir n ^ n 

*ftwMKEfM ^^nj^f eft h^^I^ i 

(Aryabhata I, ABh., 3. 22-24) 

True Planets 

Method of computation 

The corrections from the apogee (for the four 
anomalistic quadrants) are respectively minus, plus, 
plus, and minus. Those from sighrocca are just the 
reverse. (22a) 

In the case of (the superior planets) Saturn, Jupiter 
and Mars, first apply the mandaphala negatively or 
positively (as the case may be) . (22b) 



Apply half the mandaphala rand half the sighraphala to 
the planet and to the planet's apogee negatively or 
positively (as the case may be). The mean planet 
(then) corrected for the mandaphala (calculated afresh 
from the new mandakendra) is called the true-mean 
planet and that (true-mean planet) corrected for the 
sighraphala (calculated afresh) is known as the true 
planet. (23) 

(In the case of Mercury and Venus) apply half the 
sighraphala negatively or positively to the longitude of 
the planet's apogee (according as the sigkrakendra is less 
than or greater than 180°). From the corrected 
longitude of the planet's apogee (calculate the mandaphala 
afresh and apply it to the mean longitude of the planet; 
then) are obtained the true-mean longitudes of Mercury 
and Venus. (The sighraphalas, calculated afresh, being 
applied to them), they become true (longitudes). (24). 
(KSS) 

$*w^lfn*$d: — m**<: ^ 

13. 11. 2. 4J«ft^4)*MIMISr y|4c|rHSq- ER-^ft i 

TOW WOT^#RT: II 3* H 
♦ ifc&d jsifa Vg&f&t: *T II ^ II 

^TpR jzrf^f «r<£d*{S$ ^jzt II ^ II 

f^T^T^tWT^ W fwtW I 

(Bhaskara I, LBh. } 2. 33-37) 

True Mars, Jupiter, and Saturn — Bhaskara I 

Having added half the bahuphala due to the mandocca 
(apogee) to or subtracted that from the mean longitude 
of the planet as before, the result should be subtracted 
from (the longitude of) the sighrocca: that (difference) 
is called the sigkrakendra. From that obtain the bahu- 
phala: (and) having multiplied that by the radius, 
divide (the product) by the {sigkra)-karna. Half the arc 
corresponding to the result obtained should be added 
or subtracted according as the sigkrakendra is in the half- 
orbit beginning with Aries or in that beginning with 
Libra. Then after subtracting (the longitude of) the 
mandocca from that (result) , the entire bahuphala (derived 
from that difference), reduced to arc, should be applied 
(as correction, positive or negative) to the mean longitude 
of the planet (according as the mandakendra is in the 
half-orbit beginning with the sign Libra or in that 
beginning with the sign Aries) : this (result) is known 
as the true-mean longitude (of the DlanetV ^33-35^ 
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(Then) after subtracting the resulting quantity (viz. 
the true-mean longitude of the planet) from the sigkrocca, 
the entire correction obtained by the sigkrocca process, 
reduced to arc, should be applied (as correction, positive 
or negative), to the true-mean longitude of the planet 
(according as the iighrakendra is in the half-orbit 
beginning with Aries or in that beginning with Libra) : 
thus is obtained the true longitude of the planet. 
(36-37a). (KSS) 

13. 11. 3. ?s raHN^iHI *T srfw MpH^d II ^ M 

(Bhaskara I, LBL, 2. 37-39) 

True Mercury and Venus — Bhaskara I 

The method used in the case of Mercury and Venus 
is being described now. First add or subtract half the 
arc corresponding to the sigkraphala in the reverse order 
(i.e., according as the sighrakendra is in the half-orbit 
beginning with Libra or in that beginning with Aries) 
to or from its own mandocca. Whatever correction is 
(then) derived from that (corrected) mandocca should, 
as a whole, be applied as correction to the mean longi- 
tude of the planet: then is obtained the true-mean 
longitude (of the planet). That corrected for (the 
correction due to) the sigkrocca gives the true longitude 
(of the planet). (37b-39). (KSS) 

13. 11. 4. ^rrq; *r^ft ip^^^r tsafr 
v§£t ifsfte 

(Bhaskara II, SUSi., 1.2. 34c-36b) 

True planets — Bhaskara IE 

The mean planet rectified for the equation of centre 
or mandapkala is called Mandaspkuta. Then, subtracting 
the longitude of the mandaspkuta from that of the re- 
spective sigkrocca, the result will be the sigkra anomaly, 
from which the sigkraphala is to be obtained. (Rectify- 
ing the mandaspkuta for this second equation, namely 



sigkraphala, again obtaining therefrom the equation of 
centre effecting this in the original mean planet and 
again correcting for sigkraphala and repeating the process 
till a constant value is obtained, the true planet is 
obtained with respect to the star -planets other than 
Mars.) (34b-35a) 

But with respect to Mars, let first the mean planet 
be corrected for half of the equation of centre. Then 
make half of the coriection of sigkraphala. Take the 
resulting planet to be the mean planet and again finding 
the equation of centre, make this whole correction in 
the original mean planet. Again taking the resulting 
planet to be the mandaspkuta, effect the entire sigkraphala. 
Then we have the true planet. 1 (35b-36b). (AS) 

13. 11. 5. ^W)fHdHSq^T '^kjFHkllOT II II 

^tfbm few Tf^f £Ri q^: i 

^MH^Wrfr^ ^tf^t <T5 W: II <\K II 

^c^t m^i T^TSmcT ll<^ II 

^3^^f^f FTKT qdlW+K^ ^ II ^ II 

^t:^fr^ft: ^4kd^|AHH^ ^ II ^ II 
3TFftW dRr*H ^f^d¥dd ^ d<r4>l4*4 I 

(Deva, KR, 7. 13-19) 

— Karanaratna 

Diminish the mean longitude of the planet by the 
longitude of its apogee, and find the R sine thereof. 
Multiply that (R sine) by the (planet's true manda) 
epicycle and divide by 7: apply half of the resulting 
minutes negatively or positively depending on the 
(planet's) hemisphere (i.e., according as the planet is in 
the half orbit beginning with the anomalistic Sign Aries 
or in that beginning with anomalistic Sign Libra), 
(13ab-14ab) 

Next diminish the longitude of the planet's sigkrocca 
by the (corrected) mean longitude of the planet, and 
find the R sines of the baku and koti thereof. Multiply 
the Rsine of the baku as well as the R sine of the koti by 



1 For comments, see Si$i : AS, pp. 154-55. 
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the planet's (true) sighra epicycle and divide (each 
product) by 80: the results are the bahuphala and 
kotiphala. (14cd) 

The kotiphala should be subtracted from 300 or added 
to 300, according as the planet is in the second and third 
(iighra anomalistic) quadrants or in the first and fourth 
(sighra anomalistic) quadrants. Add the square of that 
(difference or sum) to the square of the bahuphala, and 
take the square root (of the resulting sum) : this (square 
root) is known as the (planet's) hypotenuse. (15) 

Multiply the bahuphala by 300 and divide by the 
(planet's) hypotenuse : and obtain the arc corresponding 
to the resulting R sine. (Apply half of the minutes in 
this arc to the corrected mean longitude of the planet, 
positively or negatively, according as the planet is in the 
half orbit beginning with the sighra anomalistic Sign 
Aries or in that beginning with the sighra anomalistic 
sign Libra). (16) 

From that subtract the longitude of the planet's 
apogee, and then obtain the mandoccaphala, (i.e., the 
bahuphala due to the planet's apogee), as before, and 
apply the whole of it to the original (uncorrected) mean 
longitude of the planet, depending upon the planet's 
hemisphere (i.e., negatively or positively, according as 
the planet is in the half orbit beginning with the anoma- 
listic Sign Aries or in that beginning with the anomalistic 
Sign Libra). When the above-mentioned three correc- 
tions have been applied to the planet, it is called the 
' true-mean planet ' . (17) 

Subtract the true-mean longitude of the planet from 
the longitude of its own sighrocca: this is the true sighra 
anomaly. From this (true sighra anomaly) calculate, 
as before, the bahuphala and the kotiphala. Also find the 
hypotenuse by using the method stated above. Then 
obtaining the karnaphala, apply (the whole of) it (to the 
true-mean longitude of the planet) positively or nega- 
tively, according as the planet is in the northern or 
southern hemisphere (i.e., in the half orbit beginning 
With the sighra anomalistic Sign Aries or in that begin- 
ning with the sighra anomalistic Sign Libra) . This is 
how the true longitudes of all the planets, Mars etc., 
are obtained. 1 (18-19). (KSS) 



13. 11. 6. TO fcf HHKflwi^-i cPT I ^ 

pi, ^: VW:, 1&nfkU4ii*$<A : II R n 

i For the rationale, see KR: KSS, pp. 91-92. 
12 



WtsaT, o^Rif ^I^MUMdH II ? M 

Wat ^ ^ JT^ST^PT I 

^FFRf^ftWr^ff ?^ft Vfe STO": II * II 

cf^t^q^N^ fawrc^RT*TT *rfa: It * II 

sraTCfaf V^t imW ^PdWcT II \ II 

m& W$uM^\ ^f: +d<Wlfefa": It vs II 

spit: 'ST'ft^W^RT: I 

^Kdu i ^ruM I OTWRH: =MKi|: II s H 

folKKgdl ^%,t^T ^sfsrer mt: \\ <\o || 
ti^jfcd^^^lfdH^l^^l It <n II 



^ife ' ^>^RT: f^TTfer: M <Ha j| 

(VK. 2.1-11 A) 

True planets — Vakyakarana 

From the Kali day for which the planet is desired, 
deduct the respective sodhya given in the tables. Divide 
the remainder by the respective mandalas (any mandala 
or mandalas may be used, and any number of times) and 
note the quotients. Divide the remainder by the 
respective synodic cycle of days. The quotients are the 
cycles gone, and the remainder, the days in the next 
cycle, (i) Find the total dhruva in the manner to be 
given, (ii) Using the mnemonics of that cycle, 
corrected in the manner to be given, take values for the 
maximum number of days that can be done, (iii) Find 
the motion for the remaining days by interpolation. 
Add (i), (ii) and (iii), (iii being deductive if the motion 
is found to be retrograde.) The (unreduced) True 
planet is got. (1-2) 

In each mnemonic line belonging to the tables giving 
the sodhya and mandalas, the last three letters give the 
dkruva in minutes, and the others, first the nadikas and 
then the days. In the case of Venus, and that too in the 
4th mandala alone the last 4 letters give the dhruva. If the 
very last vowel is short, the dhruva is negative, otherwise 
positive. The same criterion of positive and negative 
applies to the correction-letter occurring in the mnemo- 
nics in the cycle-tables. In the sddhya etc. tables, the 
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nadis and days given by the first mnemonic is sodkya, the 
last is the cycle-days, and the rest the mandalas. (3-4) 

(It is given thus) : Take the dhruvas of the mandalas 
used for division, and multiply by the respective quoti- 
ents. Add these and the dhruva of the sodhhya alge- 
braically having regard to the signs and find the total 
with its sign. This is the total dhruva to be used as (i) 
above. (5 -6a) 

(This gives ii) : Among the mnemonic lines of the 
cycle-tables, in those of Mercury, Jupiter, and Saturn, 
the last is the correction-letter. In those of Mars, the 
last two letters are the correction-letters. In those of 
Venus, the last two letters are correction-letters, but 
each letter is a different correction, the first is to be used 
if the total dhruva is positive, and the second to be used if 
the total dhruva is negative. With regard to the correc- 
tion letter of Venus, another point is to be noted. If the 
letter is one of the nine beginning from fa> the number 
indicated is to be reduced by half. 

Incidentally it may be noted that all numbers used in 
this work, viz. the Vakyakarana, are given in the Kata- 
payddi notation. The dhruva in degrees etc. multiplied 
by the correction-number gives the correction in minutes 
etc. This correction is positive if both the multiplier 
and the multiplicand have the same sign and negative 
otherwise, and this is to be added or subtracted respec- 
tively in the value given by the mnemonic line, and thus 
the correction is made for the sake of (ii) . (6b-9) 

(iii is done thus): Take the corrected value of the 
mnemonic used, and the next corrected value. Find 
their difference and divide by the interval in days. This 
is the daily motion, which is retrograde if the next value 
is less. The daily motion, multiplied by the days etc. 
remaining is the motion for those remaining days etc., 
to be used as (iii). (The mnemonic of the last day of a 
cycle is that of the day of the next cycle. The mnemo- 
nic of the day of the first cycle is the respective apogee, 
viz. 118° for Mars, 210° for Mercury > 180° for Jupiter, 
90° for Venus and 236° for Saturn. These are to be 
corrected using the correction-letter of the last mnemonic 
of the last cycle of the respective planet). If the True 
planet or daily motion is required for a day which is less 
than the days pertaining to the first mnemonic of any 
cycle, the ideas within brackets are to be used in the 
calculation. 1 ( 10-1 1 A) . (TSK-KVS) 



1 In the instructions given some are for interpreting the mnemonic 
lines which consist of words, and converting them into numbers. 
Once these instructions are carried out and the tables are given 
in numbers, we may forget these instructions and give our 
attention to the remaining instructions which give the methods of 
computation. In the worked out examples, such prepared tables 
are presupposed. For the mnemonic tables see Appendix III, 
Kujadi-pancagraha-vakyani (pp. 135-249 of VK: TSK-KVS) and for 
worked out examples, see op. cit., pp. 259-60. 



13. 12. l. ^sn^s^s?shrr ^tI^kIhi 5 mPui^mI 1 

'H^l^KHHefUwi: <N<lRd¥l^' WIT: II 1 II 
Ttf - *R - ^ - ^ - PPT 

fwRnrfwr: f^r <^i+)hi: i 
5^p™krm* 11 r 11 

'TOWCr:' '^N^Wi:' 'h^TT:' J^kIhw II ^ II 
mR u i«t ^jptet d^^n^ yn^inl u n 

STWT ^T^T ^i-s^lld 1 1 ^ 1 1 

3iife«Kmi ^ft f^szttw ^TTT^nr 11 e I) 

^TWr^^^r^kfl:^^:^dl*d^i«l 1 man 
(Varaha, PS, 17. 1-1 la) 

True planets— Saura 

The epicycles 

For the other planets (i.e. other than Mercury and 
Venus, viz. for Mars, Jupiter and Saturn), the Sun is 
their sighra. The Epicycles of equation of the apsis of 
Mars etc. are twice 35°, 14°, 16°, 7° and 30°, (i.e. of 
Mars 70°, of Mercury 28°, of Jupiter 32°, of Venus 14° 
and of Saturn 60°). (1) 

6, 1 1, 8, 4, 12, multiplied by 20 (Mars being less by 10) 
(i.e. 110°, 220°, 160°, 80° and 240° are the apogee posi- 
tions of Mars, Mercury, Jupiter, Venus and Saturn. (2) 

The degrees of epicycles of conjunction of Mars is 
234, of Mercury 132, of Jupiter 72, of Venus 260, and 
of Saturn 40. (3) 

Computation 

Deduct the mean from the sighra. If the remainder 
(called sighra-kendra) is within 90°, sine sigkra-kendra is 
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called bhuja, and sine (90° — sighra-kendra) is called kopi., 
The rule is the same in the case of subtraction from 180°, 
(270° and 360°). (4) 

The bhuja and koti must be multiplied by the planet's 
epicycle of conjunction and divided by 360. Thus 
transferred, they are called bhuja-result and koti-result 
pertaining to the equation of conjunction. If the sighra- 
madhya is mrgadi (i.e. from 270° to 90°), the koti-result 
is to be added to 120 (i.e. the R of PS) and if the Hghra- 
madhya is karkyadi (i.e. from 90° to 270°), the /^'-result 
is to be subtracted from 120. Square this and add it 
to the square of the bhuja-resv\t. Find its square root 
and by it divide (120 X bhuja-vcsvlt) . Find (arc minus 
sine) of this. Subtract half of this from the longitude of 
apsis if the sighra-kendra is from 0° to 180 and add if 
from 180° to 360°. (5-6) 

Thus, (half-) rectifying the apogee position, deduct it 
from the mean. (The result is to be used as the anomaly 
of the apsis.) Find the bhuja of the anomaly of apsis. 
(As before), get the transferred bhuja-vesuh of the apsis. 
(This is sine equation of the centre) . Find its arc-sine 
and add or subtract (appropriately) half this to or from 
the half-rectified longitude of apogee. (7) 

Subtract this rectified apogee from the mean (and thus 
get the anomaly of apsis). Find its bhuja. (As before) 
calculate the bhuja-rtsuh (which is the equation of the 
centre.) Find its arc-sine and add or subtract (appro- 
priately) the whole of this arc from the mean. The 
result is the rectified mean. (8) 

Deduct the rectified mean from the sighra. (The 
anomaly of conjunction is got) . As before, calculate the 
arc-sine and add or subtract appropriately the result 
to the rectified mean. The (geo-centric) true planet 
is got. (9) 

Difference in the case of Mercury and Venus 

All star-planets are (geo-centrically) made true in the 
above manner. But in the case of Mercury, (in addition 
to what has been done above), subtract its apogee from 
the sighra and using the Sun's epicycle, find the bhuja- 
result and apply it to mean Mercury, (which, of course, 
is the same as the Sun's), with the addition or subtraction 
done as the Sun's bhuja is additive or subtractive. (10) 

In the case of Venus, subtract 67', constant, from the 
desired mean. (11a). (TSK) 

— im**<: *l 

13. 12. 2. m^ ^a^M^^NmTm^d i 



rnf ^iR^qTRt few: Fg^WTT: M^RW 

^y^i^i^-tiMm^=w^H> fwM t 

*H*>«|: *$dHfeA1^ sfTSTM ^ ft$: 1 1^1 1 
^ Sftszr ^PTSrf^tsq" rT^Mid I 

^nJwci ^pt ^^1^4 ^ mvtf it a h 

H^V^4d-H^Pc|^iy^pHd: t 
^Rl4Sfi*t £ft T%ft ^^TRT II II 

3ra%?q- ^nrfert hR+tm^ 11 y^ 11 

TT^ftT^FT f^^Scftsf^STRW II K° II 

jrr^^rHsai^ fWT STtsrf^Tg: II K<\ II 

^KifWHHHiwd srfirw^nr 1 

iTt ^ Mi sfire; ftf STf*ff%: 11 ll 

frr Wf: ?$sw€t rtW 1 1 V* II 

^uft^rHM : ^cfruUj, 9fts*3T: II W II 

c^iRh^WH fatt dPvHP^iH II ^ II 
sftsfMld ^3#^ft fdMPdd: *T3T TTW- 
^c^TTT zrfk TO#TW: <TC ^lPd«l*> feffi": I 

c#wndidPmir<'jnr^<=K+ ijfaro^ir^+i: n^i 

(Bhaskara I, MBh., 4. 40-57) 

True planets — Computation (Bhaskara I) 

Calculate half the arc corresponding to the (planet's) 
mandakendraphala and apply that to the (planet's) mean 
longitude depending on the quadrant (of the planet's 
kendra) as in the case of the Sun. (40) 
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(Then calculate the sighrakendraphala) . Multiply the 
radius by the sighrakendraphala and divide (the product) 
by the (planet's) Hghrakarna; then reduce that to arc. 
Apply half of that arc to the longitude obtained above, 
reversely, (i.e., add when the Hghrakendra is in the half 
orbit beginning with the Sign Aries and subtract when 
the Hghrakendra is in the half orbit beginning with 
(Libra). (41) 

Therefrom calculate (the arc corresponding to) the 
manda-(kendra)phala and apply the whole of that to the 
mean longitude of the planet. Thus are obtained the 
true-mean longitudes of Mars, Saturn and Jupiter. (42) 

The true-mean longitude corrected for the arc derived 
from the sighrakendraphala, (literally, the arc correspond- 
ing to the result derived from the longitude of the 
Hghrocca minus the true-mean longitude of the planet) 
is to be known as the true longitude. The method (to 
be used) for the remaining planets (i.e., Mercury and 
Venus) is now being told. (43) 

The longitude of the (planet's) mandocca (i.e., apogee) 
reversely increased or decreased by half the arc derived 
from the sighrakendraphala determines the true-mean 
longitude (of the planet). And that (true-mean longi- 
tude) corrected for the arc derived from the sighra- 
kendraphala) is known as the true longitude. (44) 

The wise (astronomer) should apply the eccentric 
theory here (i.e., in the case of the planets Mars, etc.) 
also. (Under this theory the mandocca and sighrocca 
operations are as follows :) 

To the longitude of the mandocca ('apogee'), apply 
(the spastabhuja due to the mandakendra, as a positive 
correction) in the manner prescribed above (in stanza 
22). From the longitude of the Hghrocca subtract the 
spasta-bhuja (due to the Hghrakendra) (as follows) : 

(When the Hghrakendra is) in the first and second 
quadrants, subtract from the longitude of the sighrocca 
the spasta-bhuja itself and that subtracted from half a 
circle (i.e., 180°) respectively; (when the Hghrakendra 
is) in the remaining quadrants (i.e., third and fourth), 
subtract that (spasta-bhuja) as increased by half a circle 
and that (spasta-bhuja) subtracted from a circle, respec- 
tively. (45-46) 

Mandakarna and Sighrakarna 

Multiply the radius by the (planet's) corrected 
epicycle and then divide (the product) by 80; then 
subtract the quotient from or add that to the R sine of 
the corresponding koti (due to the kendra) in accordance 
with the quadrant (of the kendra): and then calculate the 
(planet's) karna as before. (47) 

Add half the difference between the (mean) planet 
corrected by the mandocca operation and the mean planet 



to or subtract that from the mean planet according as the 
(mean) planet as corrected for the mandocca operation 
is greater or less (than the mean planet) . (The planet 
thus obtained is called the once-corrected planet.) (48) 

Then correct it by the Hghrocca operation. (The 
planet thus obtained is called the twice-corrected planet) . 
Then find the difference between the two planets thus 
obtained (i.e., the once-corrected and twice-corrected 
planets) ; divide that by two; and apply it to the once- 
corrected planet, as before. (49) 

Whatever is thus obtained should again be corrected 
by the mandocca operation . Next calculate the difference 
between the twice-corrected planet, as corrected by the 
mandocca operation, and that (twice-corrected planet). 
Apply whatever be the difference between the twice- 
corrected planet as corrected by the mandocca operation 
and the twice-corrected planet to the mean longitude 
of the planet, as before. That (i.e., the resulting longi- 
tude) corrected by the sighrocca operation is the true 
longitude of the planet. (50-51) 

Thus has been stated the method for rinding (the true 
longitudes of) Mars, Saturn, and Jupiter under the 
eccentric theory. Now is described the procedure to be 
adopted in the case of the remaining planets (viz. 
Mercury and Venus). (52) 

Mercury and Venus 

(First of all obtain the mean planet as corrected by the 
Hghrocca operation). Then add half the difference 
between the mean planet corrected by the sighrocca 
operation and the mean planet to or subtract that from 
the planet's mandocca, according as the mean planet 
corrected by the Hghrocca operation is less or greater 
(than the mean planet). Thus is obtained the true 
mandocca. Then find out, by the method under the 
eccentric theory, 1 the correction due to the true mandocca 
for Mercury as well as for Venus. The mean longitudes 
of Mercury and Venus each corrected for that and 
thereafter for the correction due to the sighrocca are 
known as true longitudes of the planets. 2 (53-54) 

Further instructions relating to mandakarna and sighrakarna 

When the Rsine of the greatest correction (antyaphala) 
is to be subtracted from the R sine of the koti (due to the 
kendra), but subtraction is not possible, then subtract 
reversely (i.e., the latter from the former). 3 Determine 
the mandakarna by the method of successive approxima- 
tions (as in the case of the Sun or Moon) and the Hghra- 



1 Themethod is to find the difference between (i) the mean planet 
corrected by the mandocca operation and (ii) the mean planet. 

2 For the explanation and rationale of the several matters involved, 
see MB hi KSS, pp. 136-45. 

» Reference is to the rule given in stanza 47. 
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karna by a single application of the process (as taught in 
stanza 47). (55) 

Direct and retrograde motions of a planet 

Having applied to the longitude of the sighrocca half 
the difference between the true and mean longitudes (of 
a planet) positively or negatively, depending upon 
(whether) the mean longitude (of the planet is greater 
or less than the true longitude), determine whether the 
motion of the planet is vakra or ativakra or whether it is 
the end of the vakra motion. (56) 

The true longitude of the planet having been subtracted 
from the longitude of the (corrected) sighrocca, when the 
difference is 4 signs, the planet is about to take up vakra 
(retrograde) motion; when 6 signs, it is in ativakra 
(maximum retrograde) motion ; and when 8 signs, it soon 
abandons the regressive path. 

Rate of motion 

The difference between the true longitudes of a planet 
computed for (sunrise on) the day to elapse (i.e., today) 
and for (sunrise on) the day elapsed (i.e., yesterday) is 
the (true) daily motion (of the planet for the day 
elapsed). (57). (KSS) 
— !l4H«4tain fell WntM I : 
13. 12. 3a. ' q^W '^RT^t-'SRTf}^:' 

FT^n": n R II 

(Lalla, SiDhV T ., 3. 1-2) 

— Apogees and Anomalies 

The apogees of Mars, Mercury, Jupiter, Venus and 
Saturn are, respectively, 118°,21G°, 180°, 90° , and 236°. 

The (circumferences of their manda epicycles divided 
by 4J or) mandagunakas are 14°, 7°, 7°, 4° and 9 , 
respectively. 

The (circumference of their sighra epicycles divided 
by 4| or) sighragunakas are, respectively, 53°, 31°, 16°, 
59° and 9°. (1) 
12-* 



Multiply the R sines of the anomalies (mandakendras) 
of Mars, Mercury, Jupiter, Venus and Saturn, respec- 
tively, by 4, 2, 1, 2 and 4 and divide each product by the 
radius (3438). The results added to the mandagunakas 
(see above) of Mars, Jupiter and Saturn, and subtracted 
from those of Mercury and Venus, make them (viz., 
mandagunakas) more correct. 

Multiply the R sines of the sighrakendras of (the above 
planets), respectively, by 2, 2, 1, 2 and 1 and divide 
each product by the radius. The results subtracted 
from their respective sighragunakas (see above), make 
them more correct. (2) 

13. 12. 3b. ^wWf^f^Tf^T^T- 

rTT^rt *rf=r TO^T II 3 II 

(Lalla, SiDhVr., 3-3) 

— Manda and Sighra hypotenuse 

The square root of the difference of the squares of the 
R sine of 90° and R sine of an arc, is the R cosine 
{kotijya) of the arc. Or, the R sine of the difference of 
90° and an arc is the R cosine (kotijya) of the arc. 

When the R sine and R cosine of the mandakendra and 
the Hghrakendra of a planet are multiplied by the planet's 
corrected mandagunaka and sighragunaka, respectively, 
and divided by 80, the results are, respectively, called 
dohphala and kotiphala. From these the hypotenuse or 
hrti (or karna) should be calculated. (3). 

13. 12. 3c Tr^^PRf^^ig^^T 

^1^^^ d<^td^d^<rfMW II * U 

j^n^+iiftw ii x ii 
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3*R£>ddH : *$ddl*lQld II vs II 
*F^T TT^RTft fetfTcT HF^R I 

^rrftr^T sw^r *Tf^ fa?s*n<T 11 £ it 
wfh #r <rc*m ^fYf^r 

^rr#ff tow ^>s*fcp5xT ii v ii 

(Lalla, SiDhVr.,3. 4-10) 

— Computation of True planets 

Subtract the longitude in degrees of the apogee of a 
planet from, its mean longitude. (The remainder is the 
mean anomaly. It should be reduced to the) first 
quadrant. Find its R sine and hence the dohphala (as 
given above) . Find the corresponding arc, (which is the 
mandaphala). Add or subtract half of it to or from the 
mean longitude of the planet, according as the mean 
anomaly is (greater or less than 180°). (The result is 
the longitude of the planet after the first correction) or 
anasta. 

Subtract {anasta) from the longitude of the planet's 
Bghrocca. The remainder is called sighrakendra. Find 
its R sine and R cosine and hence the dohphala and koti- 
phala (as above). Add or subtract the kotiphala to or 
from the radius, according as the sighrakendra is in the 
first and fourth or second and third quadrants. (The 
result is called sphutakoti). The hypotenuse or karna 
is the square root of the sum of the squares of the dohphala 
and sphutakoti. 

Multiply the dohphala by the radius and divide by the 
hypotenuse. The arc corresponding to the result as R 
sine is called sighraphala. Add or subtract half of the 
sighraphala to or from the once-corrected longitude of the 
planet {anasta) , according as the sighrakendra is in the first 
and second quadrants or in the third and fourth. (The 
result is the longitude of planet after the second 
correction) . 

From the twice-corrected longitude calculate the 
mandaphala as before and apply the whole of it to the 
mean longitude. (From the longitude of the planet thus 



corrected) calculate the sighraphala as before and apply 
the whole of it to the (thrice-corrected longitude of) 
the planet. The result is the true longitude of the 
planet. (4-7) 

Or, (first calculate the sighraphala from the planet), 
and apply half of it to the longitude of the planet. Then 
(calculate the mandaphala from the corrected longitude) 
and apply half of it to the corrected longitude. Then, 
as before, calculate and apply the whole of the manda- 
phala and sighraphala. Thus corrected, the planet's true 
longitude is obtained. (8) 

Some say that the true longitudes of Mercury and 
Venus (should be obtained in the following manner): 
The mandaphala (calculated) from the difference between 
the mean planet and its apogee, should be first applied 
to the planet. Then the sighraphala (calculated) from 
the difference between the planet and its sighrocca ) should 
be applied to the corrected planet. (The results are 
correct Mercury and Venus). (9) 

When the true longitude of Venus (as calculated above 
is diminished by half the maximum mandaphala of the 
Sun, the longitude is correct. 

Subtract the Sun's apogee from the sighrocca of 
Mercury. From the remainder calculate the manda- 
phala using the Sun's equations. Apply it to the 
(twice corrected) Mercury in the same manner as 
it would be applied to the Sun. (The result is more 
correct.) (10) (BG) 

13. 13. l. *n«iiiii*<3&i<4i w*<n+<wi JRfar feftn^r i 

wfe^lnfa^'kii: 

flw<ifii: sfe:: I 
*re*mitr|I ^TWT f?M*ld<%ll- 



SIWT: ^TTtT fW<llYfaPfl<sM*H*T- 

c^yfidNrfaVr ii ^ n 

S3 



vMkUMIM: 



^^r^i^l ^id<l^ls^ ^rct 



I 
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(Vatesvara, F&\ , 2. 4.1-5) 

Correction without R sine table 

Correction of the planets with the help of the (tabular) 
R sines has been duly described by me. I shall now 
describe that correction without the use of the (tabular) 
R sines. (1) 

Pindardsi or sine of bhujd 

Diminish and multiply the degrees of half a circle 
(i.e., 180) by the degrees of the bhujd. Divide that by 
40,500 minus that; and then multiply (the quotient) by 
4. The result is called the pindardsi. 

Or, multiply the degrees of the bhujd by 180 and 
diminish that (product) by the square of the degrees of 
the bhujd. Divide that by 10,125 minus one-fourth 
of that (difference). Then (too) is obtained the 
pindardsi. 1 (2) 

Mandaphala and sighraphala 

(The pindardsi) when multiplied by the R sine of the 
maximum correction (i.e., the radius of the manda epi- 
cycle) gives the R sine of the correction (i.e., mandaphala) 
and when multiplied by the radius, gives the R sine of 
the bhujd; similarly, when multiplied by the other 
numbers. 

One should calculate the mandaphala with the help of 
the degrees of the bdhu in the manner stated above; and 
also the sighraphala with the help of the degrees of its own 
bdhu and koti, in the same way. (3) 

Arc from R sine 

Here, take one-fourth of the R sine plus the radius as 
the divisor of the R sine multiplied by 10,125; or, divide 
the given R sine multiplied by 40,500 by the sum of the 
R sine and the product of the radius and 4. (4) 

Subtract the quotient (thus obtained) from the square 
of 90 (i.e., from 8100); and subtract the square root of 
that from 90. Whatever is obtained as the remainder 
is the arc or the correction (as the case may be), 



i The pindardti is the sine of the bhujd. Let 6 be the degrees of 
the bhujd. Then, according to the above rule, 

4 ( 18O __0)0 180 6-0* 

* in$= 4O5OO-~(l8O-0)0 ' ^ 10125 - 1 80 Q- 6 * 

4 

For the rationale of these formulae, the reader is referred to MBh: 
KSS, vii. 17-19. 



derived without taking recourse to the (tabular) 
R sines. 1 (5). (KSS) 

Ttf — rfare>: 

13. 14. 1. '^T^'jjfn^ 

'^4^>H^44>1'< TT^t: I 

(Varaha, PS, 8.8) 

Moon's Node — Romaka 

Multiply the days from epoch by 24, add 56,266, and 
divide by 1,63,111. Subtract the revolutions etc. 
obtained, from the end of Pisces, (i.e., from any whole 
number of revolutions) . The Head of Rahu (Ascending 
Node) is obtained. 2 (8). (TSK) 

Tig: — mIRki: 

13. 14. 2. fcrmft ^k^HdiPwfaW I 

(Varaha, PS, 3. 28-29) 

Moon's Node— Paulisa 

28-29. Multiply the days from epoch by 8 and 
divide by 151. Rahu's motion is got in degrees etc. 
Add minutes equal to revolutions . The motion becomes 
exact. Deduct the motion from 7 r 25° 59'. The re- 
mainder is Rahu's Head (what is called Dragon's Head, 
a popular name for the Ascending Node). Add 6 rasis 
to Rahu's Head; Rahu's Tail (Dragon's Tail or 
Descending Node) is got. (28-29). (TSK) 

TTg: — 

13. 14. 3. fafcHmd>H 'H4++M<H <I*H4$4 «i I 

'oti^^W TT?t: iiy.ii 

qqfar44<*q fa^T fc#T: ^fttfe^ II \ II 
(Varaha, PS, 9. 5-6) 



i That is, 

= 9O-\/(9O s -Q,)> 

10125. R sin 6 40500. R sin 

where Q= > or . - ' 

Rsin0/4+R, Run*+4R 

This formula may be easily derived from the previous rule. 

* The following is instructed to be done: — 

(i) Revolution S etc. = (day S x24+56,266)-l,63,lll. 

(ii) HeadofRahu=,ra. 1 2-0-0 -Revolutions etc, ^nglhe 
full revolutions. For worked out examples, see PS'.TSK, ».«. 
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Moon's Node — Saura 

Multiply the Days from Epoch by 2700, add 63,13* 
219, and divide by 1,83,45,827. Revolutions etc. are 
obtained, to be used in getting Rahu. (5) 

This deducted from twelve rasis is the Rahu-head 
(i.e., Ascending Node of the Moon). Rahu-head plus 
six rasis is the Rahu-tail (i.e., Descending Node). At 
the (maximum) distance of 90° from Rahu (the node, 
the Moon's latitude is 270 minutes (i.e., this is the 
maximum latitude). 1 (6). (TSK) 

TTf: — 4WW<"W 

13. 14. 4. '*§foyn^ tfWt^ fcf W^, p^T IMfc II 

TO, ^W: m fw d-HH^dH I 

(VK, 1. 17b-19a) 

Moon's Node — Vakyakarana 

Deduct 16,00,066 from the Kali days. From the 
remainder deduct days etc. got by multiplying the 
remainder by 9 and dividing by 1,69,809 (? 1,69,804). 
Divide out the remaining days etc. by 6792 and take the 
remainder alone in days etc. The quotient got by 
dividing this by 566, are rasis; the quotient of dividing 
by 566, what is left over, multiplied by 30, gives 
degrees, the quotient of dividing by 566, what is still 
left over multiplied by 60, gives minutes, and so on. 
Deduct these rasis etc. got, from 12 r . Rahu is obtained, 
(no distinction being made between True and Mean 
Rahu.) 2 (17b-19a). (TSK-KVS) 

13. 15. i. ^ Pkum wii^ifturm i 

*TfrT^TrT, ^foST^cTW ^id^RT: 11 VssY II 
(Sarikara, Com. Yuktidipikd on Tantrasangraha, 1.35) 

Zero positions at Epoch 
Planets not at zero at Zero Kali 

At Zero Kali, the revolutions of the planets do not have 
zero positions, on account of changes in their rates of 
motion. Hence their zero positions at Zero Kali have 
to be computed on the basis of observations (from time 
to time). 3 (784). (KVS) 

13. 15. 3. tiflm i W fereret ^TefT fiR^SSRT | 



1 For the working see PS: TSK, 9.5-6. 

2 For worked out example, see VK: TSK-KVS, p. 256. 

3 It is' worth noting that the difference in revolution numbers of 
the planets ■ and the different zero corrections for Kali, found 
especially in the later Karana texts stem from this practice. 



tts^t ttp^t cT«rr ^hk^t *id : it ^ u 

drk+M ^lld^lKHHM^T ^f^TT: I 

c ■o e e 

^e^m^T wfa m^: ii K II 

^HHMIcH +^^>4+Md: II * It 

P^mii^ fWt^ftsif r^Riktr^ 'h^iih^:' ii u ii 
5^ aiV^i^^^ii: 'to^'m 3rfq i 

fWT 'f^r'^liM ft+?IWIW^*It II * II 

^ftS2TT: ^Kl WfamiiM TTt STTT^T cPTT Hill 

Wf\ JTRTT 't^'WTT: wfWTTcf^ ^ II VM 
*ft**T ^FT^# TRTW fWT: 'ilW:' I 
^RTFiTfet f3% ^TR\ ^fcT II <n II 

^^T^'^kll 3fklw 3pft I. . 

^rfe^rr#?T nwfa prefer: n V, u 

c 

(ParamesVara : Com. on Su.Si, L66) 

True longitude correction 

At present, difference is seen in (the longitudes of) 
planets as calculated (according to the older texts) from 
their observed positions. We shall discuss here as to 
what could be the reason for this difference in the 
observed positions. (1) 

Here, indefiniteness has to be ascribed only to the 
rates of motion of the planets. Hence slowness or 
fastness has to be suitably applied to the rates of 
motion. (2) 

Different Siddhanta-texts have been composed by 
Brahma and others which differ in the time (when they 
were composed) and in the rates of motion stated therein. 
For this reason, it is only proper that appropriate 
changes are effected in the rates of motion (given in 
these texts) . (3) 

The number of revolutions (of the planets during a 
period) given in each of these texts have been calculated 
on the, basis of contemporary rates of motion and by 
logical reasoning. (4) 

The difference in planetary positions as observed now 
from what it was at the time of Creation has to be 
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constructed by the wise as to have accumulated during 
the interim period. (5) 

Here-in-below is indicated, in the form of constants, 
the correction to be applied to planetary positions at 
the beginning of Kali. For the subsequent periods, 
this correction has to be calculated in proportion to 
these constants. (6) 

Sun : 5' 35" ; + Moon :— -2' 37" ; Moon's node :+ 4° 1 T 
13". These three are correct to the seconds. (7-8) 

Mars : - 5' ; Mercury : — 4° ; Jupiter : - 3° 45' ; Venus : 
-4° 24'; Saturn :+4° 7'; Rahu:+2°35'. These zero 
corrections have to be applied to the mean positions of 
the planets (as calculated according to the Surya- 
siddhanta) at the beginning of Kali, to get their observed 
positions (at Zero Kali). (9-11) 

These planetary positions are for sunrise, as arrived 
at by corrections applied to quarter rates of motion. 
Corrections for the time of Creation have been indicated 
even by sage Garga. (12) (KVS) 

13. 15. 3. a#nj fK^rFTRT tff *TS*TWT *?T: I 

^ 5 TT d^^l^H^M T^t d^dlfodl: II W II 

m\ ^TP$ ^ ^TT H^lf^T: II *vs U 

{Su.Si.y 1. 56-57) 

Zero positions at the end of Krta Age 

Now, at the end of the Golden Age, (Krta-yuga) , all the 
planets, by their mean motion— excepting, however, 
their nodes and apsides {mandocca)—zxz in conjunction 
in the first of Aries. (56) 

The Moon's Apsis (ucca) is in the first of Capricorn and 
its Node is in the first of Libra; and the rest, which have 
been stated above to have a slow motion— their position 
cannot be expressed in whole Signs. (57). (Burgess) 1 

13. 15. 4. ft^T^Tt 

't^^rr^TT^T'^f^ : II H II 




g#5^|5f?|TOft^: II Ro ii- 

(Bhaskara IT, SiSi, 1.1.3. 18-20) 
Planets at Zero Kali— Bhaskara II 

(The first day of) the ahargana from Kali is (a Friday) 
with Venus as the Lord of day. The mean planetary 
position (on any day in any ahargana is found by adding 
to the calculated mean positions (of the planets) the 
zero positions of the planets at the beginning of Kali 
known as dkruvakas. 

The figures in vikalds (i.e. seconds) given below when 
subtracted from cakra (i.e. 360°), indicate the zero 
positions of the planets, the Sun's apogee, Lunar apogee 
and the Ascending Node at the end of the Dvapara Age 
(i.e. at the beginning of the Kali Age): Mars, 3370; 
Mercury, 9331; Jupiter, 1944; Venus, 4666; Saturn, 
4406; Solar Apogee, 1016064; Lunar apogee, 844214), 
and Ascending Node 744422. 1 (19-20). (KVS) 

— 544|(u|dH (h*+U«^:) 

13^15. 5. " frfamfc OT ^TFTt: %wft', faffem II RR II 
rr;=f zfTHTT:, ^ l <THi SP? toft II R^ I 

er Tftwr '^iMiPf', ^jwttf 'srt^tt' i 

(ParamejSvara, Drgganita, 2. 12a-15a) 

— Drgganita (Paramesvara) 

The zero correction (for the longitudes of the planets 
at the beginning of Kali) are: Sun: 20' 22"; Moon: 3° 
15' 2" ; Moon's Apsis : 2 r 25° 44' 26" ; these are additive. 
Mars: 3', additive; Mercury: 3° 44', negative; Jupiter: 
2° 59', negative; Venus: 4°, negative; Saturn: 4° 8', 
additive ; and Node : 6 r 2° 36' > (KVS) 

13. 15. 6 '^^fltT^T^ Mwrfcsj^ f^tfT: I 
'STT UIkW^I ^,#^TfR^^T ^>^^Wf 

^f^'^ferP^ ^ft^rr fast, ^ ? *r>nfa n 
'f^'^TT: FT '^TOfe^T:' ¥T#: 1 1 W II 
* (Nilakantha: TS., 1. 35-38a) 



1 For notes, see SuSi: Burgess, pp. 41-43.) 



iTheMea^Sun and Moon are at the zero point itself. Converting 
the figures given above into higher units the zero positions are; 
Mars Ur 29*3' 50*; Mercury, llr 27° 24' 29"; Jupiter, llr 29° 27; 
36"; Venus, Ur 28° 42' 14"; Saturn llr 28- 46' 34; Solar apogee 
2r 17° 45' 36"; Lunar apogee 4r 5° 29' 46*; Ascending lunar Node 
5r3° 12' 58". 
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— Tantrasangraha (NHakan^lia) 

The mean zero positions, correct up to seconds 
(vilipta), at the commencement of Kali, of the Moon is 
4° 45' 46". That of the mean of Moon's apogee is 
3 r 29° 17' 5". Those correct to the minutes, of Mars 
is ll r 17° 47'; of Mercury, 36', negative; of Jupiter, 
positive, 12° 10'; of Venus, positive, l r 6° 13'; of Saturn, 
ll r 17° 20'. To the Ascending Node subtracted from 
the mandala (i.e. 12 r ) should be added 6 r 22° 20'. 
(35-38). (VSN) 

13. 15. 7. 'g^rr (+02^^' fa^:, 

^miyi-WHifa+i'ss*: II <\\ II 

'SZFZK: stt^r: Ss'Prt 

'«><lfiliH>i: ffwT sj' sffa: I 

fefa ^t^rwrr'ssft: it ^ it 

'?T FdiH<^ttk^+fac^fl¥TT:' II II 

(Sphutanirnayasangraka y 1. 16-18) 

— Sphutanirnaya (Acyuta Pisarati) 

(The following) are the zero positions of the planets 
at the beginning of Kali, and are very accurate, correct 
to the fourths (tatpard-s): Moon: r 4° 21' 21" 36"'; 
Moon' apogee: 3 r 28° 50' 9" 36'"; Node: 6F 21° 18' 
43" 12"'; Mars: IT 18° 9' 21" 36"' Mercury: ll r 20° 
12' 28" 48'"; Jupiter: 0* 15° 15' 55" 24'"; Venus: 
l r 5° 6' 0" 0"'; Saturn: IT 10° 22' 48" 0'". The 
Sun's entry into Sign Aries is at 4 r 58° 51' 57" 36"' 
0"" (17-18). (KVS) 

13. 15. 8. '*TFr: g^ft ^ 

^rrsnr <im<=hh' ti \s it 
'q^ft spre qHf*H*V w*: ii * n 

'^M*7| SFf^Rfer' TTg- 

ftfr ff ^ I ^ ^TOT; II £ II 
(Spkutanirnaya^tulya-grakarmdhyamdmyamm^ 7b-9) 



— Sphu{anirnaya-based 

The zero positions of the planets at the commencement 
of Kali are; Sun: r 0° 1' 7" 4"'; Moon: r 4° 36' 18" 
7"'; Mars: ll r 18° 9' 57" 15"'; Mercury: ll r 20° 17' 
7" 14"'; Jupiter: r 15° 15' 56" 3"'; Venus: l r 5° T 49" 
1"'; Saturn: IT 10° 22' 50" 17"'; Apsis: 3 r 28° 50' 17" 
11'"; Node: 6 r 24° 18' 39" 236"'. (7-9). (KVS) 

13. 15. 9. ^b^^rHH-^Jdl^ci^^idM'' 

wrtct<t n^^«ty=t1^n ti \ it 

(Sankara Varman, Sadratnamdld, 3.6) 

— Sadratnamala. (Sankara Varman) 

Multiply (the measure of the mean day) from gurvak- 
sarasy being 365 days, 15 nddikds^ 31 vinddikds and 15 
gurvaksaraSy by the Kali years (expired) and subtract 
from the product 2 days, 8 nddikds, 53 vinddikds and 14 
gurvaksaras. The result would be the days from the 
beginning of Kali, counted from a Friday. If 2 is 
subtracted from this number and the number divided by 
7, the remainder would give the day from Sunday and 
the accurate time of the entry of the Sun into Sign 
Aries of the current year. (KVS) 

13. 15. 10. 'mft sifrot ^ hhh^V 

*T f^T^ft 4M^ft: I 
'HHNvf W ftpT STTT:' II <R II 

^rw ^I^Rh^ : n R° ti 

(Sphutanirnqyasangraha, 1, 20) 

Apses at Zero Kali 

(The following) are the zero positions of the apses (of 
the planets) at the commencement of Kali: Sun: 2 r 18° 
5' 6" 24"' 0" "; Mars: 4 r 7° 28' 33" 36'" 0" "; Mercury: 
T T 39' 21" 36"' " "; Jupiter: 5 r 21° 45' 21" 36"'; 
0""; Venus: 2 r 21°'25' 55" 12'" 0" "; Saturn: 8 r 2° 8' 
9" 36"' 0""; The apse of the Moon is its Apogee. 
(19-20). (KVS) 

13. 15. . 1 1. ( 3TFF5WT ftRT ^J^OTf 

*5TH Pw i tp^PHft^ I 



155 



13. PLANETS 



13. 16. 3 



^TTftq|?TT: ^WT f| H)W II ^ If 

(Sphutanirnaya-sangraha, L 21) 

Nodes at Zero Kali 

The zero positions of the Nodes of Mars and other 
(planets) at the commencement of Kali are : l r 11° 4' 
4" 48'" 0""; Mercury: 0* 21° 7' 55" 12'" 0" "; 
Jupiter: r 20° 25' 26" 24'" 0" "; Venus: T 0° 54' 43" 
12'" 0""; Saturn: 3 r 2° 13' 55" 12'" 0" ". (21) (KVS) 

13. 15. 12. '^^^rf^^TTRr TO«IKI^*iui: I 

'fSRJ 5Td<MH*M5 +HW'|^lt«R' jfk: II Til 

'sraiRTfwM f ^tqt |:^rrq' I 
^d^HMI *T>rf%ffT H^^I^'^F: II ^ 1 1 

'sffart ^itSK+ii <cH^u|' TvFT: I 

'*Tc*ff <*M4HT#*ZTRT ?mpff II 3 II 

'^RFTT ^K Nrs^ u ^i pH H^ IH T *pg: 11 V II 

MddHKST: WMWIW il^Rdi : I 
^dPl«Nllf^ +<u"H fafdfHdi: II ^ II 

( Puradah anapura-dvija) 
Zero positions for Kali 17, 97,000 

These are the very accurate zero positions, correct up 
to the fifths (pratatpard) of the Sun (and other planets 
according to the Drk school (of Kerala), computed 
according to the Sphutanirnaya (Tantra of Acyuta 
Pisarati) for Kali 17,97,000: 



Sun 


7 r 


1° 


41' 


45" 


58'" 


28"" 


29" 


Moon 


1 


28 


52 


43 


44 


8 


20 


Apsis 


3 


17 


10 


6 


34 


44 


18 


Node 


5 


12 


2 


59 


7 


22 


49 


Mars 


4 


11 


47 


17 


32 


8 


15 


Mercury 


4 


15 


15 


40 


23 


2 


43 


Jupiter 


1 





36 


28 


23 


50 


58 


Venus 





3 


15 


40 


17 


42 


19 


Sat. 


7 


24 


32 


4 


13 


43 


26 



(1-6). (KVS) 

13. 16. 1. 'sn**n^HI-«to*l«4l<4 'SFT-W-^R-'fT- 

sTRrrfn T^i fm =m fa" < %i cFR" 



^MKl'^cTT: f^WT: 

3f5Rft ^Mcj^H 1 1 

(Haridatta, Mahamdrganibandhana) 

Bhafabda or Sakabda correction — I 

The mean longitudes of the Moon, its apogee and 
ascending Node should (respectively) be diminished by 
the minutes of arc which are obtained by diminishing the 
(elapsed) years of the Saka era by 444, (then severally, 
multiplying (that difference) by 9, 65, and 13 and divid- 
ing them by 85, 134, and 32 (respectively). (Sev- 
erally) multiplying (the same difference) by 45, 420, 47, 
153, and 20 (respectively) and dividing (all of them) by 
235 are obtained (the corrections in minutes of arc) for 
Mars, etc. (The corrections) for (the sighrocca of) Venus 
should be subtracted (from their mean longitudes). 
The Sun is to be excluded (from this correction) . (KSS) 

M±\*i ( ¥1*1*4) fifth K: — ^ 

13. 16. 2. <Kun«4 WTOTftr'^r ^^frMVcf?t:' | 
't^f'^^M^ 'TXTrVt:' II ^ II 

^fk^T '^#''W'-°feKI P-wfl cTT f^TT: I 

(Deva, KR, 1. 16-18) 

Bhatabda or Sakabda correction — II 

To the karandbda (i.e. to the years elapsed since the 
epoch of the present karana work) add 167. Multiply 
the sum obtained, by 25 in the case of the Moon; by 
1 14 in the case of the Moon's apogee; by 96 in the case 
of the Moon's ascending node; by 45 in the case of 
Mars; by 420 in the case of Mercury's sighrocca; by 
47 in the case of Jupiter; by 153 in the case of Venus's 
Sighrocca and by 20 in the case of Saturn; and divide 
each product by 235. The resulting quotients, treated 
as minutes of arc, should be added to the mean longitude 
in the case of Mars, Saturn, and Mercury's sighrocca and 
subtracted from the mean longitude in the case of the 
remaining planets. 1 (16-18). (KSS) 

13. 16. 3. 3iMwY<id<SCT ^JX: fer# srt: I 

^l+l^l'^T : *T INqf VmTT#'^lfed)Rd: II 1 I 



1 The correction stated above is well known as the iSakabda 
correction. This correction is supposed to have been zero in the 
beginning of the £aka year 444 (=A.D. 522), and thereafter to have 
increased uniformly at the rate given. See also KR:KSS, p. 13. 
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cft^t: ¥M<MI to: «Mo^ivH I 

( ParamesVara , Mdkdbhdskariya-Bhdsya-'vydkhyd 
on 5.77, edn. pp. 321-22) 

A Correction to the Bhafabda correction 

A correction by name Sakabda-Samskara, otherwise 
called Vagbhdva-samskdra is applied by astronomers to the 
(mean positions) of planets as computed according to 
the system of Acarya (Aryabhata) . (1) 

There, the minutes of the Sakabda correction of the 
Moon should be taken one-fifth less and that of Rahu's 
correction, one-twelfth less. The correction for the 
Higher Apsis can be taken as it is. 

This special correction is done for (making computed 
positions) accord with observed positions. (2). (KVS) 

IB « 

13. 17. 1. '^-^-<J-3Pr-'Sff ^rj^W+jfe^^^lfa I 

"(Deva, Vtf, 1. 20-21) 

Manuyuga correction 

Multiply the number of yugas elapsed since the 
beginning of the (current) Manu by 8, 1,5 and 4, re- 
spectively, and (treating the products as minutes) apply 
them additively, subtractively, subtractively, and sub- 
tractively to the mean longitudes of the four planets 
beginning with the Sun, (i.e. the Sun, the Moon, the 
Moon's apogee and the Moon's ascending node) in their 
respective order. Again, multiply the same (number 
of yugas) by 20 and divide (severally) by 12 ■> 11, and 27 
respectively and (treating the quotients as minutes) 
apply them additively, subtractively and additively to 
the mean longitudes of Mars, Jupiter and Saturn, 
respectively. Divide (the same product of the number 
of yugas elapsed and 20) by 4 and 9, respectively, and 
(treating the quotients as minutes) apply them subtrac- 
tively and additively to the mean longitudes of the 
sighroccas of Venus and Mercury, respectively. In the 
case of the sighrocca of Mercury, multiplication by 7 is 
also prescribed. 1 (20-21). (KSS) 



1 This Manuyuga, correction is found to be discussed also by the 
Kerala astronomer Sankaranarayana (A.D. 869) in his commentary 
on the Laghu-Bhaskariya (2.22) of Bhaskara I. Sankaranarayana 
tells us that some people in his time ascribed this correction to 
Aryabhata I. See also KR: KSS, p. 16. 



13, 18. 1. *?HH>*HldH ^4 J,4|U,|T t 
^K^Hlfa+H 

M^R^lfcHIH II <R II 

(Deva, KR, 1.19) 

Kalpa correction — I 

Multiply the number of caturyugas elapsed since the 
beginning of the (current) Kalpa, as increased by 3/4,. 
severally by 13, 26, 158, 26, 84, 7, 59, and 53 and divide 
(each product) by 8064: the quotients obtained, in 
degrees etc., are the {Kalpa) corrections for the Moon 
etc. in the respective order. The corrections for Mercury's 
Sighrocca, Mars and Saturn are additive and those for 
the other planets are subtractive. This is based on the 
instruction of (Arya)bhata and is applicable to all the 
five siddhdntas beginning with the Brahma-siddhdnta. 1 ( 1 9) 
(KSS) 

13. 18. 2. %Wr£'*fflT: ^RTRTT: 

9T*T3F WI^KId <J*R> 'TRPTcT I 

fwiPd+liff ^ cRT 'fafa:' %FJ*:' II II 

'qr^pfr:' '^^r:' %TT^rt' 

WflNflH^M I d I frfj & II e; || 

(Bhaskara II, SiSi, 1.1. 7.7-8) 

Kalpa correction — II 

The number of years from the beginning of the Kalpa 
divided by 12,000, the remainder, or the difference of 
the divisor and the remainder, whichever is less, is to be 
divided by 200. The quotient in minutes of arc, 
multiplied by 3, 5, 5, 15, 2, respectively, is a negative 
correction in the positions of the Sun, Moon, Jupiter, 
Venus and the lunar apogee and multiplied by 1, 52, 2 
and 4 gives the positive correction in the positions of 



1 The Kalpa correction has not been found to occur in any other 
work so far. However, it has been referred to by the Kerala 
astronomer ParamesVara (A.D. 1431). In his commentary on the 
Laghu-Bhaskariya (1.37) of Bhaskara I, he writes: "There are five 
corrections which are to be performed on the basis of time elapsed 
(since some particular epoch). They are: Two Bhatabda corrections, 
Nibandhokta correction, Kalpa correction and Manuyuga correction. 
One should perform that one which makes calculations tally with 
observation." See also KR: KSS, p. 15. 
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Mars, Mercury, the lunar Node and Saturn, re- 
spectively. 1 (7-8). (AS) 

13. 19. 1. ^<m^lM<*¥44<l*Hi f^TTf^T: n W II 

(FA*, 1. 14b-16a) 

Corrections for True planets 

Add up algebraically: (i) half the vinadis of difference 
of day-time from 30 nddis, these vinadis being positive 
if the day-time is less (Card), (ii) the vinadis of difference 
in sunrise due to difference in longitude, (Desantara), 
and (iii) the vinadis of the part of the Equation of Time 
due to the Sun's Equation of the Centre (Bhujantara). 2 
Multiply the True Daily motion of the Suri etc. in 
degrees by the vinadis got, and take them as seconds etc. 
of arc. Add or subtract these seconds in respect of the 
True Sun etc. according as the vinadis got are positive 
or negative. (14b-16a) 

— ^TTJT — <fHH*T: 

13, 20^ 1. T^faifrd^i srf TKHIHim' ^m^Hih i 

f<4 ^ c) A|t4 j p»M I : I ^ <P4 H 1 ^ 41 SST llVIl 

f^fe^TT^ ^PT^IMl ++d*ld II <H II 

(Varaha, PS, 3. 10-12) 

Oblique ascension (Paulina) 

Multiply the constants, 20, 16J and 6| by the 
equinoctial shadow. The results are oblique ascensional 
differences (cara-khandas) in vinadis, first in the given 
order, then in the reverse order for the first six months 
(solar) and again the given and reverse orders for the 
second half of the ecliptic, i.e. the second six months, (i.e., 
the differences are for the solar months Mesa etc. in 
vinadis (20, 16J, 6|, 6f , 16|, 20, 20, 16f , 6f, 6|, 16*, 
20) equinoctial shadow.) (10) 



* For a discussion, see Si$i.:AS, pp. 92-99. 

3 This should be applied to all celestial bodies, viz. the Sun, 
Moon, Rahu and the planets. 

Strictly speaking, the whole of the Equation of Time, including 
the part due to the Reduction to the Equator, should be used here. 
But Hindu astronomers before Sripati's time were not aware of this, 
and Bhaskara I has not given this. So this does not find a place in 
the present work also. 



Day-time (Paulina) 

To find the day-time in Mesa, Vrsabha and Mithuna, 
add the cara differences one by one, in the order given, to 
30 nadikds and in the next three, subtract in the reverse 
order! In the next three rafts, Tula, etc., again subtract 
from 30 nadis in the given order, and for Makara etc., 
add in the reverse order. This will give the day-time 
fairly accurately for places in Northern (whole) India. 
I shall give the method to find the day-time accurately 
in other places (in the fourth chapter) when dealing 
with spherical astronomy. 1 (11-12). (TSK) 

— *<«KHH 

13. 20. 2. ^''T'rf^l^l^- 

ft: II V* M 

(Deva, KR, 1. 34) 

— Karanaratna 

Multiply the vyahgulas of the equinoctial midday 
shadow by 4 and divide the product severally by 12, 15 
and 36: the quotients obtained are twice the ascensional 
differences, in vinadis, of the (first) three signs of the 
ecliptic (lit. relating to the longitude of the Sun and 
the Moon). 2 (3a). (KSS) 




13. 20. 3. 



*Cara is the difference of daylight from 30 nadikds being the 
average length of day and night. Carardha is half of this and the 
Sun rises later or earlier by this amount according as the day light 
is-less or greater. This is given by the modern equation, sin h =tan 
A tan K where A is the latitude of the place, d, is the declination 
of the Sun, and h is carardha converted into degrees at 1° per 10 
vinadis. 

See also below 15. 23. 1-9. 

2 For the rationale, see KR: KSS, p. 24. 
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Bhaskara I, LBL 2. (17-21; 23-24) 

— Bhaskara I 

Earthsine and the Ascensional difference 

Whatever be the square root of the difference between 
the squares of that (i.e. r of the R sine of the Sun's decli- 
nation) and of the radius is the (Sun's) day-radius. The 
R sine of the latitude multiplied by the R sine of the 
(Sun's) declination and divided by the R sine of the 
co-latitude is (known as) the (Sun's) Earthsine. This is 
multiplied by the radius and divided by the (Sun's) day- 
radius : whatever is obtained is called the R sine of the 
(Sun's) ascensional difference. (17-18) 

Correction for Cara 

The minutes of arc in the arc of that (Sun's ascensional 
difference) are known as prdna (or asu) . On multiplying 
them by the (Sun's) true daily motion and dividing by 
21600 are obtained the minutes, etc., (of the Sun's 
motion corresponding to its ascensional difference). (In 
order to obtain the Sun's true longitude) at sunrise (for 
the local place), these (minutes, etc.) should be subtract- 
ed (from the Sun's true longitude at sunrise for the local 
equatorial place) provided the Sun is in the northern 
hemisphere (i.e., to the north of the equator) and added 
if the Sun is in the southern (hemisphere). In the case 
of sunset, (the law of correction is) the reverse. In the 
case of midday or midnight, this (correction) should not 
be performed. (19-20) 

Lengths of day and night 

(When the Sun is) in the northern hemisphere, the 
day increases and the night decreases by twice the asus 
of the (Sun's) ascensional difference. (When the Sun 
is) in the southern hemisphere, the contrary is the 
case. (21). 

Other corrections for the Moon 

The result in minutes of arc, etc., which is obtained 
on multiplying the true daily motion of the Moon by 
the asus of the Sun's ascensional difference and dividing 
(that product) by the number of asus in a day and night 
(i.e., by 21600) should always be added to or subtracted 
from the true longitude of the Moon (for true sunrise at 
the local equatorial place) according to (the position of) 
the Sun. The remaining (bkujdphala) correction for the 
Moon is applied (to the Moon's longitude corrected for 
the longitude and bhujdntara correction) in the same 
manner as in the case of the Sun. (23-24). (KSS) 

13. 20. 4. TJTRRfTTW Wit : ^4<*rh«KI4M: I 

^»RTW FnWl «i ^ +| ypf TH II ^ II 



< H^|prK'Win*MY iftr^Ht fTOT^T: II * II 

^TsrrnT: w^twr om^+h # 1 

tc^ml^i omc^i ^TTfeT : II % II 

(Bhaskara I, LBh., 2. 4-6) 
Asc. Difference of Aries, Taurus and Gemini 

From the declinations of the last points of the (first 
three) Signs should be obtained, as before, their ascen- 
sional differences in terms of asus. When (each of them 
is) diminished by the preceding (ascensional difference, 
if any), they become (the asus of ascensional difference) 
for Aries, Taurus, and Gemini, respectively. (4) 

1670, 1795 and 1935 are (in asus) the times of rising 
of (the first three tropical Signs) Aries etc., at Lanka. (5) 

Risings at local place 

(From the above times of rising of Aries, Taurus, and 
Gemini at Lanka should be subtracted the asus of their 
(own) ascensional differences, in order, and (then) (to 
the same times of rising of Aries, Taurus, and Gemini at 
Lanka) they should be added in the reverse order : the 
results (in order) are the times (in asus) of rising at the 
local place of the tropical signs beginning with Aries , 
and (the same results) in the reverse order (are for those) 
beginning with Libra. (6). (KSS) 

— <U4M*<"W 

13. 20. 5. '^'-'^W-'ftw ^'-H^HlfrRtT I 
" <lfafcHV Hffir:' ^^cRY^T^Tttt II h II 

(VK. 3.7-10a) 

— Vakyakarana 

For each ras'i of the bhujd of the True Sun, there are the 
numbers 20, 16, and 6 2/3, respectively. These multi- 
plied by the Equinoctial Shadow, give the respective Cara 
intervals in vinddis. If the Sun is from 6 r to 12 r the Cara 
is positive, and if from r to 6 r , it is negative. (7) 
Day-light 

The CarzL-vinddis with its sign reversed and applied to 
30 nddikds is the Day-time. The Day-time deducted 
from 60 nddikds is the Night-time. The middle of each 
is Mid-day and Mid-night, respectively. (8) 

Rdsimdna : The Total Ascensional Difference 

The Right Ascensional Differences for the three rdSis 
{sdyana), Mesa etc., are 278, 299 and 323 vinddis, respec- 
tively. Take half the cara in the given order and deduct 
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them for the first 3 raits, i.e. Mesa, Rsabha and Mithuna ; 
add taking them both in the reverse order to Kataka, 
Simha and Kanya; add taking them both in the given 
order to Tula, VrScika and Dhanus ; and deduct taking 
them both in the reverse order from Makara, Kumbha 
andMlna. (9-1 Oa). (TSK-KVS) 

h ll «tKWbK :: 

13. 21. 1. TTHwT^IMIk1M^^f^^T^T> : I 

f^cft *f>Mf 3*1 M <HI II ^ || 

(Deva, KR, 1-28 

Longitudinal correction 

The difference between the computed and observed 
times of an eclipse is the longitude (of the place) in terms 
of time. 1 (28). (KSS) 

13. 21. 2. ?T?T ^§n^ FTST^: ^T- 

^fr^wr srnm 5 <wk ^ 11 3 h 

^PtR S'?T^I Prat: ^TRT I 

wfo^H'-d^lfe+ltdi: 11 y 11 

a'dl4jun ^rfefrrr ?mftrr: 
^pjf v% -0<*h54 ^pN; 11 * 11 

T^rf^^rwt^rrt 11 % 11 

(Bhaskara II, 1.1.7.3-6) 

— Bhaskara II 

The distance between two places on the same latitude 
multiplied by the daily motion of a planet and divided 
by the rectified circumference is a correction subtractive 
for places in the east and additive in the west of the 
primary meridian, since the planetary positions obtained 
(by computation are for the primary meridian) . (3) 



1 Deiantara is the well-known difference in sunrise due to the 
difference in longitude, sunrise being earlier as we go East. The 
computed time is the local time for the place lying at the intersection 
of the prime meridian and the local circle of latitude, while the 
observed time is the local time for the local place. The difference 
between the two is obviously thelongitude in time for the local place. 
It may be mentioned that in Hindu astronomy time is measured 
from sunrise. 



The eclipse of the Moon occurs at a place situated on 
the east of the. primary meridian later than on the pri- 
mary meridian and vice versa. The time in between 
the two moments is the Deidntara expressed in time. The 
distance of Deidntara, i.e., the distance of the locality 
from the primary meridian measured along a parallel 
to the terrestrial equator or niraksa-rekhd, is obtained by 
multiplying the rectified circumference, by the Deidntara 
measured as above in ghatis and dividing by 60. Also, 
the above time in ghatis multiplied by the planets' daily 
motion and divided by 60, gives the correction in arc in 
the computed mean planetary motion. 1 (4-6). (AS) 

13. 21. 3. vj^a|faHl^l «f >Tl<^l^ l: SFFT SR* T^RTcT I 

(Brahmagupta, ATT, 1. 1. 15) 

Multiply the mean daily motion of a planet (in 
minutes) by the difference in longitude between the 
observer's station and UjjayinI expressed in yojanas. 
Divide the product by 4800. The result in minutes, etc. , 
should be subtracted from the calculated longitude of 
the planet, if the station is to be the east of the meridian 
of Ujjayini and added if it is to the west. ( 1 5) (BC) 

— ^flnpRJT: *\ 

13. 21. 4. ^^silHSvil^RiMNI'd <U^|UM I 

^T: H^ldR:d4+ tw}<sl|<UT: feRT: I 
d^lgerffeJHNJH $WRR ^JcHT II ^ II 

^rrg : ^R«4NhT st*t: i 

* «j?k4 l d «b«k*<aMWI ^^TRT qfcipfir: ll^ll 

drW^T d/HJ^W M^Rmt: II ^ II 

(Bhaskara I, LBh., 1.25-28) 

— Bhaskara I 

Distance of the local place from the prime meridian 

The circumference of the Earth multiplied by the 
difference between the latitudes of (a place on) the prime 
meridian and the local place and divided by the number 
of degrees in a circle (i.e., by 360) gives the bdhu (i.e., the 
base of the longitude triangle) due to the local place. 
The oblique distance from that local place to (the place 
on) the prime meridian is the hypotenuse (of the 
triangle). The square root of the difference between 
the squares of that (hypotenuse) and the bdhu is said 
to be the longitude (in yojanas of that place). (25-26) 

Some learned scholars say like as above; others say 
that it is not so, because of (i) the grossness of the hypo- 
tenuse, and (ii) the sphericity of the Earth. (27) 



1 For explanation, see Si£i: AS, pp. 89-92. 
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(It has been said that) the difference between (the 
longitude of) the Sun derived from the midday shadow 
(of the gnomon at the local place) and that calculated for 
the middle of the day (without the application of the 
longitude correction) (gives the longitude correction for 
the Sun) . But that is not so, as to the east and west of a 
place on the prime meridian (i.e., on the same parallel 
of latitude) the latitude (and therefore the shadow of the 
gnomon) remains the same. 1 (28). (KSS) 

— ^ici i 

13. 21. 5. 



VJjt ^>>H*^ <H II II 

qoffrfcR^ qi^gTRft 4V«MHi 

(Lalla, SWhVr., 1. 42-45) 

— Lalla 

The mean longitude (of the planets calculated above) 
are for places on the meridian line passing through 
Lanka, UjjayinI and Himalaya. When, to these longi- 
tudes are applied corrections for difference in terrestrial 
longitudes, the results are longitudes for places east or 
West (of the meridian line). (42) 

The (mean) circumference of the Earth is 3300 yojanas. 
Its diameter is 1050 yojanas. The (mean) circumference 
multiplied by 12 and divided by the hypotenuse of the 
equinoctial shadow (palakarna) of a place, gives the 
corrected circumference of the earth (at that place). (43) 

Ascertain the shortest distance in yojanas between a 
place on the meridian line (passing through Lanka) 



and the observer's station. Multiply the degrees in the 
difference of latitudes of these two places by 3300 and 
divide by 360. 

Square the result. Subtract it from the square of the 
yojanas (found above). Find the square root. This is 
the distance (in yojanas) between the meridian lines 
passing through the two places. 

Multiply it by the mean daily motion of a planet and 
divide by the corrected circumference of the earth. The 
result in minutes should be added (to the mean longi- 
tude of a planet) for places to the west of the meridian 
line of Lanka and subtracted for places to the east. 1 
(44-45) (BG) 

13. 21. 6. 3WM<M<R ggWTT *?sqT *rftcT: ^TfWT I 

bn>dm ^ 5TT=^t ^w: mBk^t SRT? 1 1 W I 

(Deva, KR ? 1.27) 

— Karanaratna 

The mean daily motion of a planet multiplied by the 
longitude (of the place) in terms of gkatis and divided by 
60 should be subtracted (from the longitude of the planet 
(if the place is) to the east of the prime meridian and 
added (to the longitude of the planet) if the place is to 
the west of the prime meridian. (27). (KSS) 

— «IMhwRw*I : 

13. 21. 7. qaMMqM I W : WFFtTT flWMwyrai: I 

(Varaha, PS. 3.13-14) 

— Paulisasiddhanta 

The correction to the time of the longitude of Yavana- 
pura to get the time of the longitude of Ujjaini is 7 
nadikas, 20 vinadikas, and that of VaranasI is 9 nddikas. 
How to find the correction for other longitudes will be 
given (in the next verse) , 2 (13) 



1 This rule has also been criticised by Sripati, who says: 
<< Whatever is obtained here as the difference between the 
longitudes of the Sun derived from the midday shadow (of the 
gnomon) and that obtained by calculation (for midday, without 
the application of the longitude correction), when multiplied by 
the (local) circumference of the Earth and divided by the (bun s 
daily) motion gives the yojanas of the longitude (i.e., the distance in 
yojanas of the local place from the prime meridian). This is gross 
on account of the small change in the Sun's declination. 



i For the rationale, see SiDhVf. BC, II., 28-33. 

a " What is given here is the difference in time due to difference 
in longitude alone from Yavanapura of Ujjaini and VaranasI, 
De&dntara-nadis, being the difference in time of the occurrence of any 
event due to longitude, the occurrence being earlier by this time if 
the place is East, and later if West. Actually the time difference 
due to longitude for Ujjaini from Yavanapura is nddis 7-38, and for 
VaranasI, nddis 8-50. The Greenwich East longitude of Yavanapura, 
Uiiaini and VaranasI are 30°, 75° 50' and 83°. From this we can 
find the actual time difference: (75° 50'— 30°) /6 n^fs=7-38.; 

(83° 30°) /6 nddis =8-50). But considering the difficulty faced by 

the ancients, in doing this, for want of facilities, the achievement 
of the Siddhanta is commendable." 
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Take the distance in yojanas between the two places be- 
tween which the time difference for longitude has to be 
found. Multiply this by 9 and divide by 30. (The 
result is their distance in degrees.) Square the result. 
From this deduct the squre of the difference in latitude 
between the two places. Find the square root of 
the remainder. (This is the East-West difference in 
degrees). This divided by 6 is the time difference 
in nddikas. (14). (TKS) 

13. 22. 1. q^^T W =>M 1 *><i* '^IWT^f^R'^T : I 

(Varaha, PS, 3.5) 

Equation of time due to the unequal motion of the 
Sun on the ecliptic 

Equation of the Centre (Paulisa) 

Reduce the plus or minus padas by one and multiply 
by 40. Subtract this from 5261. Multiply the result 
by the padas and divide by 729. The resulting minutes 
are the equation of the centr e of the Moon. (5). 1 (TSK) 

13. 22. 2a. ^rf^rr^stfR^TT mvri n * n 
<prfWr 5 dwf t*r FgefesjJTT ii ^ ii 

^^q^^rr^f <^TrRSr^r^T II V9 II 

(Bhaskara I, MBh., 4.4b-7) 

— Bhaskara I 

Sun's Equation of the centre 

The R sines and R versed-sines (of the parts of the 
Sun's mean anomaly lying in the odd and even quad- 
rants respectively) should be (severally) multiplied by 
the (Sun's) own epicycle and divided by 80: the resulting 
quantities should be subtracted and added (in the 
manner prescribed below). (4b) 

1 Bhujdntara is the part of the Equation of time due to the unequal 
motion of the Sun on the ecliptic, and therefore is the time corres- 
ponding to the difference in longitude between the mean and the 
true Sun. Sunrise will be later if th e true Sun if greater. This is 
given in vinadis. 

In the Paulina rule enunciated here, the formula is : The equation 
of the centre={(5261~40 {pada— 1)} pada\ll% where pada is any 
pada, plus or minus, without distinction.) (TSK) 
13 



The resulting quantities due to the first, second, third 
and fourth anomalistic quadrants should always be 
respectively subtracted from, added to, added to, and 
subtracted from the Sun's mean longitude corrected for 
the (local) longitude. (5) 

Alternative rule 

Or, (find the bahuphala and) subtract the bahuphala 
when the (Sun's mean) anomaly is in the half-orbit 
beginning with Aries; and add that when (the Sun's 
mean anomaly is) in the half-orbit beginning with 
Libra. This correction should always be performed by 
one who seeks the true longitude (of the Sun). (6) 

Correction for the Sun's equation of time 

Multiply the mean daily motion (of the Sun) by the 
(Sun's) equation (of the centre derived from the R sines 
and R versed-sines of the parts of the Sun's mean 
anomaly lying in the odd and even quadrants respec- 
tively), or by the (Sun's) bahuphala (i.e., the Sun's 
equation of the centre derived from the bdhu) and then 
divide the product by the number of minutes in a circle 
(i.e., by 21600); apply that (as correction, positive or 
negative, to the Sun's mean longitude corrected for the 
local longitude and for the Sun's equation of the centre) 
as before. 1 (7). (KSS) 

— tFZ faita: 

13. 22. 2b. ^T3Tp^T sjfWRW I 

(Bhaskara I, MBh., 4.29-30) 

— Correction for the Moon 

Multiply the (Moon's) mean daily motion by the Sun's 
equation of the centre and then divide (the product) 
by the number of minutes in a circle (i.e., by 21,600): 
(the result is the bhujdntara correction for the Moon). 
Add it to or subtract it from the Moon's (mean) longitude 
(corrected for the longitude of the local place) in the 
same way as in the case of the Sun. 

All remaining corrections for the Moon are prescribed 
as in the case of the Sun. 

(The bhujdntara correction) for the remaining planets 
also is calculated from the Sun's equation of the 
centre. (29-30). (KSS) 

* For explanation and rationale/see MBh: KSS, pp. 110-15. 
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13. 22. 3. \crt^H^4yin*Ml 4\$*n\ 'w^T^r^wzm^ I 
srssrr ^trtt: 3fte*TT ^Mri <dl sf&w ^rr: n \k ii 

wr: T^t^ ^tptm Tfsnjsnw wftrf^r i 
Tf^r . . . u ^ u 

(Deva, KR, 1.25-26) 

— Karanaratoa 

Equation of the centre for the Sun and the Moon 

Diminish the mean longitude of the Sun or the Moon by 
that of its own apogee, and obtain the R sine of the bdhu 
thereof. In the case of the Sun, divide that by 140; 
and in the case of the Moon, divide that by 60. The 
resulting degrees should be subtracted from the (respec- 
tive) mean longitude (of the Sun or the Moon) or added to 
that, according as the Sun or the Moon is in the northern 
part (of the anomalistic sphere) or in the southern part. 
Thus are obtained the true longitudes of the Sun and the 
Moon. (25-26a) 

Bhujdntara correction for the Moon 

The Sun's equation of the centre (bhujdphala) divided 
by 27 (gives the Moon's bhujdvivara correction). This 
should be applied to the Moon's longitude in the same 
Way as the Sun's equation of the centre is applied (to 
the Sun's longitude). (26b). (KSS) 

— vt^^t * 

13. 22. 4. nfiT tf^J+Wk^fafcl+l- 

^^^F^^fK^ I 

fetwfflWr^r spm ii ii 

(Lalla, SiDkVr*, 2.16) 

— Lalla 

The mean daily motion of a planet multiplied by the 
Sun's equation of the centre in minutes (mandaphala) 
and divided by 21,600 gives, in minutes, etc., the correc- 
tion for the difference between the Sun's mean and true 
longitudes or bkujdntaraphala. It should be added to or 
subtracted from the longitude of the planet, according 
as the equation of the centre is added to or subtracted 
from the Sun's longitude. (16) 

13. 23. l. ^^n^mrw § mxvm 

wi^Niir^d^sa nreft: 11 ^ u 
^ i Pd^Hi **mr 1 

* (Bhaskara II, Si&., 1.2. 62-63) 



Correction owing to the Equation of Time due to 
Obliquity 

The difference in the minutes of arc in the longitude 
of the sdyana mean Sun and the asus in its right ascension, 
multiplied by the daily motion of the planet and divided 
by 21,659 is the result to be added or subtracted from 
the planet's longitude according as the asus of the Sun's 
right ascension are greater or less than the minutes of arc 
of the Sun's longitude. This is what is called Udaydntara 
correction or correction owing to the Equation of Time 

due to Obliquity.* (62-63) (AS) 
13.24.1. <^H<^I foWT *F^T *F^RT I 

^.^flld q3^f?3T i^TT TTS?5TT ^ife+l *ffiT II ^ II 

(&?&., 2.12-13) 

Types of planetary motion 

The motion of the planets is of eight kinds : retrograde 
(vakrd), somewhat retrograde (anuvakrd), transverse 
(kutild) , slow (mandd), very slow (mandatard), even (samd), 
also vey swift (sighratard) , and swift (sighrd). (12) 

Of these, the very swift (atisighrd) , that called swift, 
the slow, the very slow, the even — all these five are forms 
of the motion called direct (rju) ; the 'somewhat retro- 
grade' is retrograde. (13). (Burgess) 

13. 24. 2. *$dHfe*W<KK 3fef WTO ^dVMi I 

^nr^ TTfRr «$dlPw h^m:>(hh #^t: ii 

^tsq^sfif^ # cf^r ^sfwr: ii u ii 
^^r^r t{tz\ ^ft^ffefw ii * ii 



1 In contrast with the bhujdntara correction to be effected in 
the planetary positions owing to the Equation of Time due to 
'Eccentricity', the present Udayantara correction is to be effected for 
the Equation of Time due to * Obliquity*. This correction has been 
identiBed for the first time by Sripati, (vide Si&. 9 1 1-1-2), and later 
followed by Bhaskara II. For a detailed exposition and rationale, 
&tcSi£u:AS, pp. 204-06. 
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(Vatesvara, F6V., 2. 4. 6-13) 

— VaJeSvarasiddhanta 

When the true longitude of the planet is less than the 
mean longitude of the planet, add one-half of the differ- 
ence between the true and mean longitudes of the planet, 
to the longitude of the planet's sighrocca as diminished by 
the true longitude of the planet; and when the true 
longitude of the planet is greater (than the mean 
longitude of the planet), subtract the same (one-half of 
the difference between the true and mean longitudes of 
the planet) from the longitude of the planet's sigkrocca 
as diminished by the true longitude of the planet) . (The 
result is the planet's corrected sighrakendra) . (6) 

Eight types of planetary motion 

In the (successive) Signs of this corrected sighrakendra, 
the planet is 'very fast' (in the first Sign) ; 'fast' (in the 
second Sign) and 'natural or mean' (in the third Sign) ; 
in the two halves of the next (i.e., fourth) Sign, it is 
'slow' in the first half and Very slow' in the other half; 
in the next (i.e., fifth) Sign it is 'retrograde'; and in the 
next (i.e., sixth) Sign, it is 'very retrograde'. (7) 

In the (six) Signs obtained by subtracting the 
corrected sighrakendra from a circle (i.e., 360°) , the planet 
is said to have the same motion. But when the corrected 
sighrakendra is subtracted from a circle, the '(very) 
slow ' motion is designated as ' re-retrograde or direct ' 
motion. (8) 

&ighra anomalies for retrograde and direct 
motions 

Mars becomes retrograde when its sighrakendra is 163° ; 
Mercury, when its sighrakendra is 145°; Jupiter, when its 
sighrakendra is 126° ; Venus, when its Hghrakendra is 165° ; 
and Saturn, when its sighrakendra is 1 13°. 



They become direct when their Hghrakendras become 
360°— 163°; 360°— 145°; 360°— 126°; 360 —165°; and 
360 —113° (i.e., 197°, 215°, 234°, 195° and 247°), 
respectively. (9) 

Periods of retrograde and direct motion 

The civil days (of duration) of retrograde motion for 
the planets, beginning with Mars, are 65, 21, 112, 52 
and 132, (respectively). 

These, subtracted from the days of their synodic 
periods, are the days (of duration) of their direct 
motion. (10) 

Synodic periods of planets 

780, 116, 399, 584, and 378 are, in days, the synodic 
periods of the planets, Mars eto., in their respective 
order. (11) 

Sighra anomalies of planets 

(The planets, Mars etc.) rise (heliacally) in the east 
when their Hghrakendras amount to 28, 203, 13, 183 and 
17 degrees, respectively; they set heliacally in the west 
when their Hghrakendras amount to 360—28; 360—203; 
360—13; 360—183; and 360—17 degrees (i.e., 332, 157, 
347, 177 and 343 degrees) respectively. (12) 

Sighra anomalies of Mercury and Venus 

In the same way, Mercury and Venus rise in the 
opposite direction (i.e., in the west) when their sigkra- 
kendras are 49 and 24 degrees respectively. 

The (number of) days to elapse or elapsed are obtained 
from the minutes to elapse or elapsed with the help of the 
motion of the sighrakendra of the planet. (13). (KSS) 

13. 25. 1. TO ^tf«4Mi N^fcl W Wftuil^ t 

^qfWId JTf^T T^TT ittwiO II ^ II 

(Aryabhata I, ABh., 3.12-13) 

Linear motion in yojanas : Aryabhata I 

The planets moving with equal linear velocity in their 
own orbits complete (a distance equal to) the circum- 
ference of the sphere of the asterisms in a period of 60 
solar years, and (a distance equal to) the circumference 
of the sphere of sky in a yuga. 1 ( 1 2) 



1 That is, a planet moves through a distance of 17,32,60,008 
yojanas in 60 solar years and a distance of 1,24,74,72,05,76,000 
yojanas in 43,20,000 solar years. Since there are 1,57,79,17,500 
days in 43,20,000 solar years, it follows that the mean daily motion 
of a planet, according to Aryabhata, is 
1,24,74,72,05,76,000 

yojanas 

1,57,79,17,500 
or 7905 M yojanas approx. 
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The Moon completes its lowest and smallest orbit in 
the shortest time ; Saturn completes its highest and 
largest orbit in the longest time. (13). (KSS) 

— sm^T: ^ 

13. 25. 2. *?Hl 4$ : fafdfcd'MId^ TOTT 

#ZT 9H^Hfcd II %. II 

(Bhaskara II, Si£i, 1. 1.4-6) 

— Bhaskara II 

The circumference of the universe divided by the 
number of days in the kalpa, gives the daily spatial motion 
of a planet. The planets move thus a distance of 
1 1 ,858| yojanas in a day. (6) . (AS) 

— fTOFcT*WT 

13. 25. 3. i^^H ' HRd : FIK 59T^ft: ^HlTd: II <\^b II 

(Nilakantha, SiDdr., 13b) 

— Siddhantadarpana 

The Moon's daily motion in minutes multiplied by 
ten will give the daily linear velocity of the planets (in 
yojanas) (which is the same for all planets including the 
Sun and the Moon, being 7906 yojanas) . ( 1 3b) . (KVS) 

— 

13. 26. 1. ^nfejrcfni^Ri STTFfTT- 

M<Wd: FTTcT ^f^# 1 1 <H II 

d^mft^M^^MH II ^ II 

fid1i|*flyPd ^<Js«i: I 

far ^ TST UlftlR^di: II 1* || 

(Laila, SiDhVr., 18. 11-14) 

Sun's motion 
— Lalla 

The Sun moves from the first point of Aries to the last 
point of Gemini in three months; and again from the 



first point of Libra to the last point of Sagittarius in three 
months. 

The greatest altitude of the Sun is 24° from the horizon 
during the day of the gods or demons. (11) 

The zenith is 90° from the horizon. This is 
equivalent to 15 ghatikds along the equator. So, when 
the Sun has its greatest declination of 24° and reaches 
its greatest altitude, it is seen by gods or demons for 2 
ksanas (or 4 ghatikds) of their day. (12) 

After that, on account of its motion along the ecliptic, 
the Sun, after three months, again reaches the horizon 
gradually. (If the gods saw it) rising (when it was on 
the horizon), (the demons will now see it) rising, and vice 
versa. (13) 

The gods see the Sun during the first half of the solar 
year; their enemies, the demons, see it during the second 
half. The manes, who live (in the upper half) of the 
Moon, see the Sun for one half of a lunar month and the 
men during their own day. (14). (BG) 

13.27.1. fatsfsp£ 1ST *{Md fart 

ffWI^szr feff^H^n II <[X II 

st#ct Ptcptt er^f wf ^rr u ^ n 

rT«TT At Hld^Ri I 
$^fcqdl II <iV9 II 

^^faHwRdlsiki^fi 

f^sft ST^T ^IdH^fd cRT: II ^ II 

"(Lalla, SiDkVr., 18. 15-18) 

Moon's motion 

In this world, the bright half of the lunar month is that 
during which the illuminated portion of the Moon 
increases and the dark half is that during which the dark 
portion ' increases. So, to the manes, the morning 
twilight is the eighth day of the Moon in the dark half 
of the lunar month and the evening twilight is the eighth 
day of the Moon in the light half of the lunar month. (15) 
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Since on the day of the new moon the Sun's disc is 
just above that of the Moon, to the manes the Sun 
appears to be on the zenith. This then is their midday 
as it is in the case of men (when the Sun is on their 
zenith). (16) 

As the Moon recedes from its position below the Sun, 
to the manes, the Sun appears to decline. Then, on the 
middle of the eighth day when the Moon is at a distance 
of 90° from the Sun, it appears to be on their horizon 
or very near it. (17) 

On the full moon day, the Sun is hidden by the Moon's 
disc which is at a distance of 6 Signs from it. It is then 
midnight for the manes. Again, on the eighth day, 
when the Moon approaches the Sun, the latter is visible 
(to the manes). Then, gradually it rises above their 
horizon. (18). (BG) 

— tfrwwfd: (*fiwr:) 

13. 28. 1. '^(?^)-ftrf^-^T^-sf^-qTT-?r1%- 

qfe^pRf: W^FT II <[\9 II 

(Varaha, PS, 3.17) 

Daily motion of Sun and Moon 

Mean Sun (Paulisa) 

The daily motion of the Sun in minutes during each 
of the twelve months, Mesa etc. is 57 (58?), 57, 57, 57, 
58, 59, 61, 61, 61, 61, 60, 59. (17). (TSK) 

13. 28. 2. '<sH<=H'l(:' MlRl^Rw: 'f^R^TO: 1 ^11 I 
AHd<r$dl<rA fc^^fad<Hllfa c bl #^ft It ^ II 

(Varaha, PS, 8.7) 

Moon's mean daily motion (Romaka) 

The daily motion of the mean Moon is 790', and that 
of the mean anomaly, 784'. For work relating to the 
day-time, the true daily motion is the difference between 
the true Moon of the taken day and of the previous day. 
For work relating to the night time, the true daily 
motion is the difference between the true Moon of the 
taken day and of the next day. 1 (7) (TSK) 

13. 28. 3. PH4ld H^IH I d ' <H l PH<slM<Y ^f: I 

(Varaha, PS, 3.4) 



i For the calculation, sec PS'.TSK, 8.7. 
13-* 



Moon's true motion (Paulisa) 

If the padas obtained by ch. 2, verse 2 are plus-padas, 
(i.e., in the first half-^j) subtract 9 from the padas, 
multiply by 10 and divide by 7. Add the result to 702. 
The Moon's daily true motion in minutes is obtained. 
In the second half-gati, i.e., if the padas are minus-jWa,r, 
deduct 9, multiply by 10 and divide by 7 and subtract 
the result from 879. The resulting minutes are the 

daily true motion of the Moon. (4) . (TSK) 

13. 28. 4. flkwdWh fl^fwifefafld+l I 

,qftdotf*i fww ^ tsztt ^rmt: ii <n ii 

i'-sJHI MR^i^l ^d*jftdHM4l Wrf II <R II 

dc+nj+ mwft SfFcft ^l++d|^N II ^ II 
dH>M^fad^|S^<|fe+) srftrfWTRT I 

<^wm^di ?rfw: ^^Pw^di ii <iy n 

(Varaha, PS, 9.11-14) 

Sun and Moon: True daily motion 

Mean motion of the Sun and the Moon — Saura-siddkanta 

The mean daily motion of the Moon is 790' 34", and 
thatoftheSunis59'8". (11) 

Motion of Moon's anomaly 

The daily motion of the Moon's apogee is 6| 
minutes. The Moon's mean daily motion less the 
motion of the apogee is the daily motion of the Moon's 
(mean) anomaly. The true daily motion is to be found 
using this motion of anomaly. (12) 

True motion of the Sun and the Moon 

The daily motion of anomaly should be multiplied by 
the current sine-interval and divided by 225. This 
should be reduced to the epicycle, (i.e., multiplied by 
the degrees of epicycle and divided by 360°). The 
change in sine of the equation of centre is to be calcu- 
lated. Its arc should be subtracted from the mean daily 
motion, if the anomaly falls within w/w9 to 3, and added 
if it falls within raiu 3 to 9. (13) 

This is the true motion per day, for the moment (for 
which the anomaly is taken). The true daily motion 
in the case of the Moon is obtained by subtracting the 
previous clay's true Moon from the given clay's true 
Moon. The daily mean motion, multiplied by 120' 
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and divided by the momentary motion per day is the 
radius vector at the moment^ (14) (TSK) 

— SFsT: 

13. 28. 5. g pflww 'ftiRn3*iRr%f 

WT^^^t^l+iilfti II <U II 

(Lalla, SiDhVr., 2. 15) 

— Lalla 

Divide the bhogyakhanda of the Sun by 101 and multiply 
that of the Moon by 10 and divide by 33. (The results 
called mandagatiphalas or corrections to be given to the 
mean motions) should be applied to their respective 
mean motions negatively, if the respective mean 
anomalies are within six Signs beginning with Capricorn, 
and positively if they are within six Signs beginning with 
Cancer; (that is, negatively, positively, positively or 
negatively, according as their mean anomalies are 
in the first, second, third or fourth quadrant). Thus 
are obtained their true motions. (15). (BC) 

— *MUKHH 

13. 28. 6. ^fr'^R'fWT 

fc^iijdi: <=MHN^>: II 31 H 

(Deva, KR, 1.31-32) 

— Karanaratna 

Mean motion 

The mean daily motion of the Sun is 59 minutes : of 
the Moon, 791 minutes. (31a) 

True motions of the Sun and the Moon 

The current R sine-difference increased by one-third 
of itself, gives the minutes of the motion-correction for the 
Moon ; the same (current R sine-difference) divided by 
24, is for the Sun. This being added to the mean daily 
motion in the second and third (anomalistic) quadrants 
and subtracted from the mean daily motion in the first 
and fourth (anomalistic) quadrants, yields the true daily 
motion in the case of the Sun and the Moon. 2 (31b- 
32). (KSS) 



1 For the calculations; see PS: TSK, 9. 1 1-14. 
* For the rationale, see KRt KSS, pp. 22-23. 



13. 28. 7. M^' ^ dnfo«iw>W - 

W faw i 'fcr^wfakii: i 

(Pancabodha, 3) 

Sun's true motion — Pancabodha 

To 60 (being the average length of the day in seconds) 
apply the correction in seconds given by the chrono- 
grams yogya etc., (see table under 13.7.15, above), 
divided by 8, positively from yajna, (being the chrono- 
gram for Tula 9th), and negatively from ratna, (being 
the chronogram for Mina 1st). The result will be the 
true rate of motion for the current day. (3). (KVS) 

5 fwr *iRkhi+m ii ^ n 

(Pancabodha, 4) 

Moon's true motion — Pancabodha 

The difference between the lunar chronogram of the 
current day (vide the chronograms glr nah sreyah etc., 
given in the table under 13.7.14, above) and that of the 
previous day will give the rate of true motion of the 
Moon at sunrise on the current day. The true motion 
at sunset of the current day is given by the difference 
between the chronogram of the current day and the 
next day. (4). (KVS) 

13. 29. 1. fou*<l^fdfclfel«M : W- 

^RT: 'W^t' 'fed" W \m: II Yo || 

'W.' 'ft^T:' 'jspfT' f^RW 

*TWfT: FT: WldWlftdT: II Y*1 ll 

(Lalla, SiDhVr., 1. 40-41) 

Mean daily motions of planets 

The daily motions of the Sun (Moon, Mars, glghrocca 
of Mercury, Jupiter, sighrocca of Venus, Saturn and 
Moon's apogee and node) are, respectively, 59' 8", 
790' 35", 31' 26", 245' 32", 5', 96' 8", 2' 0", 6' 41" 
and 3' 11". 
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The mean longitudes of planets, (as calculated above), 
when diminished by half of their respective daily 
motions, give the longitudes at the previous sunset. 
(40-41). (BG) 

— »<m<HH 

13. 29. 2. ^fiH^r - <^»dyn^*l - 

(Deva, KR y 8. 5-6) 

— Karanaratna 

31', 246', 5', 96' and 2', (respectively), are the mean 
daily motions of Mars etc. In the case of Mercury and 
Venus, the motions pertain to their sighrocca. (5) 

The mean daily motions of the Sun and the Moon are 
the same as stated in the first chapter. Of the Moon's 
apogee and the Moon's ascending node, the mean daily 
motions are 7 and 3' respectively. (6) . (KSS) 

— nfriitwi 

13. 29. 3. '*ftaTT W Tforfa:, ^ftRt's^ftSMT: I 

yj+^i Pel '^f^rr : ' *t#f n <R n 

(Ganesa, GL. 1.14-15) 

— Grahalaghava 

The daily motion of the planets are: Sun: 59' 8"; 
Moon: 790' 35"; Moon's apogee: 6' 45"; Rahu: 3'. 11"; 
Mars: 31' 26"; Mercury (kendra) 186' 24"; Jupiter: 
5' fc 0"; Venus (sighrakendra) 37' 0"; Saturn 2' 0". (14-15) 

13. 30. 1. ftHKKWfcd<sHIKK FTR 



*m EmfaiM^ ii n ii 

(Bhaskara II, Si$l, L2.36b-39) 

True motion of planets 
— Bhaskara II 

The true daily motion of the planet is the excess of the 
longitude of the true planet of the next day over that of 
the true planet of the previous day. (36) 

Mandasphutagati 

1 The kotiphala being multiplied by the daily motion of 
the memda mean anomaly and divided by the radius, 
and the result being added to or subtracted from the 
mean motion, gives what is called mandasphutagati. (37) 

MoorCs motion 

In the case of the Moon, for obtaining the true Moon 
for a particular moment and its daily motion for the 
day, the ending moment of the tithi near at hand is to 
be computed with that daily motion, and the method 
of successive approximations is to be used to rectify the 
ending moment. In the case of the ending moment of 
the tithi being sufficiently far away, it does not matter 
even if the above daily motion is applied to get the 
approximate ending moment. Inasmuch as the Moon's 
daily motion is great and varies from moment to 
moment, the motion at the moment is to be used. (38) 

Sighragatiphala 

R sin (90— E2) h m 
gl , — = S S , where 8 1 is the daily 

K 

motion of the sighroccha, E2 = sighraphala, 8 m is the 
daily motion in the sighra mean anomaly, K=sighrakarna 
and S s is the true motion of the planet . If 8 s is negative, 
the planet is retrograde. 1 (39). (AS) 

— *<WKctMj 

13. 30. 2. MM*$d<jtHJ« l i *TS*T*T% ^^*ftc||tHW I 

m ^^$d* rpET: F^^W^dl II ^11 



1 For com. and rationale, see G.L'.RCP, II, pp. 27-29. 



1 For the rationale involved, see SiSi: AS, pp. 155-61. 
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dl^vjilipclcK^l^dl W^SHW^H I Hi II 

^^ifa VFWf om^w^ ^pfSpf ^TRT II <H II 
(Deva, AT?, 8. 7-12) 

— Karanaratna 

Multiply the mean daily motion (of the planet) by its 
own true (manda) epicycle as well as by the (current) 
R sine-difference of manda anomaly and divide by 4160. 1 
The resulting quantity should be added to its own mean 
daily motion (when the planet is) in the middle (anoma- 
listic) quadrants; (when the planet is) in the first and 
last (anomalistic) quardants, that quantity should be 
subtracted (from the mean daily motion). This (sum* 
or difference) is the planet's true-mean daily motion. (7) 

Subtract it from the daily motion of its iighroccax (the 
result is known as the sighra-kendragati) . Divide the 
square of the sighraphala-gati by 23 and add it to (or 
subtract it from) the (planet's) hypotenuse (as the case 
may be) : (the result is the true hypotenuse) . By the 
minutes of difference of that (true hypotenuse) and the 
radius, multiply the sighrakendra-gaii and divide that by 
the (true) hypotenuse. Add the resulting quantity to 
the true-mean daily motion, provided the hypotenuse is 
greater than the radius viz., 300; if the hypotenuse is 
smaller than the radius, subtract that (from the true- 
mean daily motion) : the result is the true daily motion 
of the planet. (7-10) 

True motion of a retrograde planet 

When the planet is retrograde, there is difference in 
the procedure for finding its true daily motion. In both 
the places (where addition and subtraction have been 
prescribed above), the process of addition and subtraction 
should be reversed: the rest should be taken as it is. (11) 

This is how the learned scholars of astronomy 
state the method for finding the true daily motion of 
Mars, etc. 

In the case of the Moon's ascending Node, the mean 
daily motion itself is the true daily motion. The same 
is also said (to be true) for the Moon's apogee. 2 
(12). (KSS) 



1 The correct number is 41 90. 

2 The above rule is generally the same as that found to occur in 
the Surya-siddhanta and the Vtddha-vasiftha-siddhanta. The correction 
for the hypotenuse prescribed in the above rule, however, has no 
counterpart in any other known work on Hindu astronomy. 



13. 31. 1. v^I^4h ^ihdl 4J$VsMH 

snrorr ^i+h ^tt 'wm'- 

f^RTTIW: TOW II <n 1. 

fa^dl ^(dgmVWH m: WRT II <R II 

^fiRdi r<u%ii #m ^ i 

3w TTcft *snj*t fwr ii ^ n 

(Lsdla 9 &DkVr., 3. 11-14) 

Manda and Sighra motion 

The mean motion of a planet multiplied by the 
bhogyakhanda resulting from its mean anomaly and also 
by the corrected mandagunaka and divided by 225 and 80 
gives in minutes the correction to motion or mandagatu 
phala. It is to be applied to the mean motion as 
explained before. (The result is the motion corrected 
once). (11) 

Subtract it (viz., corrected motion) from the motion 
o f the Hghrocca o f the planet . The remainder multiplied 
by the bhogyakhanda resulting from the sighrakendra, the 
radius and the corrected sighragunaka and divided by 
225, 80 and the hypotenuse, gives the second correction 
of sighragatiphala . (12) 

When it is applied to the once-corrected motion, 
(i) positively, (ii) negatively, (iii) negatively and (iv) 
positively, according as the sighrakendra is in the first, 
second, third or fourth pdda (see the next verse), the 
result is the true motion. (13) 

When the result is negative, the motion is said to be 
retrograde. 

The first pdda extends from 0° to 90° plus 45°, 31°, 20°, 
50° and 6° for Mars, Mercury, Jupiter, Venus and Saturn 
respectively. The third pdda extends from 180° to 270° 
minus 45°, 31°, 20°, 50° and 6°, respectively, for these 
planets. This definition of pdda should be kept in view 
while applying the sighragatiphala positively or negatively 
to the motion. 1 (14). (BC) 



1 For notes, see $iDhVr., BC, II. 53-55. 
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y^Tft <*Wlfd: 

13. 32. 1. $<fcqd l ^ tfl-fcfhHK *?T: ftrP^TTft^T: I 

%t^>^qfol+*iifi^dl<W : II *3 II 

ar^WRl^t: ^t^rf^T OTT II KV ll 

(SuSi., 2. 51-54) 

Retrograde motion of planets 

When at a great distance from its conjunction 
(sigkrocca), a planet, having its substance drawn to the 
left and right by slack cords, comes then to have a 
retrograde motion. (51) 

Mars and the rest, when their degrees of commutation 
(kendra), in the fourth process, are respectively 164, 
144, 130, 163 and 115, become retrograde (vakrin). 
And when their respective commutations are equal to 
the number of degrees remaining after subtracting 
those numbers, in each case, from a whole circle, 
they cease retrogradation. (52-53) 

In accordance with the greatness of their epicycles of 
the conjunction (sighraparidhi) , Venus and Mars cease 
retrograding in the seventh Sign, Jupiter and Mercury 
in the eighth, Saturn in the ninth. (54). (Burgess) 

13. 32. 2. iWWHWIdHl^i ^Wl^T: H+lfdd: I 

faM^dfa^W^K^lW^l: II Y«| II 

(Bhaskara I, LBh, 2.41) 

(Whatever is obtained from) subtracting the longitude 
(of a planet) for tomorrow from the longitude for today 
(when it is possible), is called the retrograde motion (of 
the planet for the day) and whatever results on perform- 
ing the subtraction reversely gives the direct motion (of 
the planet for the day). (41). (KSS) 

13. 32. 3. ^*^TT^ft^T^:' 'w&'- 

c 

ds*f^d*H ^m: II ^ II 

(Bhaskara II, SiSu, 1. 2.41) 

— Bhaskara II 

The planets Mars, Mercury, Jupiter, Venus and 
Saturn will be retrograde when, the sigkra anomaly 
assumes values 163, 145, 125, 165 and 113 respectively, 
and the direct motion again ensues at (360 — 163), 



(360—145), (360—125), (360—165) and (360—113), 
respectively. 1 (42). (AS) 

— 3R^: 

13. 32. 4. >M a Hrdfa "^T^^: ? 'Mfefcnft: 
*¥l «*l $IV'f%iRWfW4w<H I 

'^Tf^T H Tl^nT^ ^fd if I |=h ? I 

^HHin4^HW4: II ^ II 

4*mdW*fl ftftr II II 

■o cs 

'FTT^'i^'TfemWF'w ^K^ldl: II 

(Lalla, SiDhVf., 3. 20-25) 

— Lalla 

The retrograde motion of the planets beginning with 
Mars (viz., Mars, Mercury, Jupiter, Venus and Saturn) 
commences when their Hgkrakendras are, respectively, 
163°, 145°, 125°, 165°, and 113°. When the sighrakendras 
are, respectively, 360° minus each of these values, their 
retrograde motion ceases. (20) 

It is specified that the retrograde motion of Mars, 
(Mercury, Jupiter, Venus and Saturn) lasts for 66, 21, 
112, 52 and 134 days, respectively. (21) 

When the Hgkrakendras (of Mars, Mercury, Jupiter, 
Venus and Saturn) are, respectively, 28°, 205°, 14°, 183° 
and 20°, they rise in the east. When their sighrakendras 
are 360° minus these values, respectively, they set in the 
west. 



1 For the formula, see Si£i:AS, p. 167. 
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When their sighrakendras are, respectively, 51° and 
23°, Mercury and Venus (when direct) rise in the west. 
When they are 360° minus these values, respectively, 
they set in the east. (22-24a) 

Mercury and Venus, once set, rise again 32 and 71 
days, respectively, after setting. (24b) 

For 120, 16, 30, 8 and 36 days, respectively, 
Mars, etc. remain invisible in the west. They set 
660, 37, 372, 251 and 342 days, respectively, after 
rising. (25). (BC) 

13. 33. l. ^fmi m<i¥i4 w st^trw: I 

H ^M M <<H\ \ $ dTi-HdH #£T: F§3T: ^rf: IRII 



'g^ ^T l M^I^HHr^l ^ Wf<T II V II 
' qfaflPw^ftq i' ^^^FFTm:' 11*11 
' «W<slR^*te^r ' Mfal»1flHWli :' II % II 
'TOTT' -'irfoRIT' W '*naf MMMIH II 

'<M?r' '#^tt' '^fNt' '^htt' ^r: u * n 

3<ir^ l e hH OTE^^WI^RsM' 5 W^w, II U 
*m OT^r: ^T3f: *fa*lddl =llRsM ^T^TR; 1 1 



srr^T ^d^MfeM ^rt wife* ^Fwt m^n 

(ABh. n, M<iAa.,2. 1-18) 

Para£ara-siddhanta 

In this quarter of thejiga, called Kali, the theory of 
Parasara is generally accepted. Therefore, I enunciate 
it, which is similar to my (Aryabhata II) theory except 
in the mean (motions). (1) 

This pair of Siddhdntas, (i.e., Parasara's and mine), 
originated after some (part) of Kali era had elapsed. 
The (positions of the) planets are to be corrected at 
one's own place for the coincidence of the observed 
(and computed results) (drksdmya) according to this or 
that theory. (2) 

Revolutions in a kalpa 

In this theory (of Parasara) there are no srsti-yeaTS. 
The rest concerning the kalpa (and its divisions) etc. is 
as before. Here (in Parasara's theory) the intercalary 
months in a kalpa are 1,593,334,515. (3) 

The intercalary days are 25,082,465,450 and the civil 
days are 1,577,917,570,000. Now, the revolutions (in 
a kalpa) of the Sun etc. are: (Sun) 4,320,000,000; 
(Moon) 57,753,334,515; (Mars) 2,296,833,037; 
(Conjunction of Mercury) 17,937,055,474; (Jupiter) 
364,219,954; (Conjunction of Venus) 7,022,372,148; 
(Saturn) 146,571,813. (4-6) 

(The revolutions) of the apsides (tunga) are: (Sun) 
480; (Moon) 488,104,634; (Mars) 327; (Mercury) 356; 
(Jupiter) 982; (Venus) 526; and (Saturn) 54. 

Now, (those) of the nodes of (the planets), beginning 
with the Moon, are: (Moon) 232,313,235; (Mars) 245; 
(Mercury) 648; (Jupiter) 190; (Venus) 893; and 
(Saturn) 630. (7-8) 

(The revolutions) of the Great Bear are: 1,599,998 and 
(those) of the (planet) called equinox (ayandkkyd), are 
581,709. All others like the dyugana (in Kali) etc. 
are to be derived from (the number of years) elapsed in 
this kalpa by the rule of three. (9) 

Mean planets 

Multiply (the number of revolutions of any planet in 
a kalpa) by 4567 and divide by 10,000. The quotient 
is its position at the beginning of Kali {kalija-dhruvaka) . 
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From (the dyugana) in Kali, all (the mean positions at a 
given day) can be obtained. 1 (10) 

Divide the dyugana (in Kali) by 10,000; (the quotient 
is called) gunaka. Multiply by it the revolutions (of a 
planet in a kalpa) and divide by 157,791,757. (The 
quotient is called) dhruvaka, which is to be increased 
by ksepaka. The rest is the same as before. 2 (11) 

(Set) twice the number (of the remaining days) down. 
Divide it by 139 and 230,016 separately. Subtract the 
sum of the quotients from the number of (the remaining) 
days. (A). Multiply the years (elapsed in Kali) by 4 
and divide by 75,130. Subtract the quotient in seconds 
(from A. The result is the ksepaka of) the Sun in degrees 
etc. 3 (12-13a). 

Multiply the (remaining) sum of days by 14 and 
diminish (this product) by the 1 7th part of itself (A) . 
Multiply the number (of the remaining days) by 5 and 
divide by 42,872. Subtract the quotient in degrees 
from A. (B). Multiply the number of years (elapsed in 
Kali) by 4 and divide by 21,566. Add the quotient in 
seconds (to B. The result is the ksepaka of) the Moon in 
degrees etc. 4 ( 1 3c-d- 1 4) 

Set the number of (the remaining) days at two places, 
and divide by 9 and 4010. Take the sum of the quoti- 
ents in degrees (A). Divide the number of years 
(elapsed in Kali) by 646, and subtract the quotient in 
seconds (from A. The difference is the ksepaka of) 
the apsis of the Moon. 5 (15) 



1 The number of years elapsed up to the beginning of the 
present Kali, without the srtfi years, are 1,972,944,000. The number 
of revolutions, made by a planet during this period, are 

1 ,972,944,000 X revolutions in a kalpa 4567 X rev. 

4,320,000,000 10000 
The fraction thereof is the position of the planet at the beginning 
of Kali. (Maha, 1.19) 

2 After determining the number of civil days elapsed in Kali, the 
change in the mean positions of planets during this period is calcu- 
lated in two successive steps. First, the biggest multiple of 10,000 
is taken off from the number of civil days, and the change in 
position for this number of days, which is called here dhruvafa, is 
found in the following way: 

Dyugana is divided by 10,000, and the quotient is called gunaka. 
The n, dyugana — 1 0, 000 X gunaka X remainder 

Then dhruvaka— gunaka X 1000 X revolutions of the planet in a 
kalpa-^ civil days in a kalpa 

rev. XgunakaX 10,000 rev. X gunaka 

h,577,917;570,000 157,791,757 

The change in position during the remaining days, which is 
called k$epaka, is calculated for each planet in the following verses. 
The sum of all the three quantities, kalijadkruvaka, dhruvaka and 
kfepaka, is the mean position of the planet on a given day. 

■ Let the number of the remaining days be x and the number of 
years elapsed in Kali hey. Then the ksepaka of the Sun= 
x°— (2*/139)°— (2*/230016)°— (4>/75,130)* 

4 K$epaka of the Moon= 

14*°— (14x/17)°— (5*/42782)° + (4j/21566) / ' 

* K$epaka of the apsis of the Moon= 
(*/9)°+<*/4010)°— (.7/646)* 



(Take) the number (of the remaining days), multiplied 
by 4, twice. Divide it by 10,799 and 76; add (the 
quotients in) degrees. (A). Multiply the years 
(elapsed in Kali) by 10 and divide by 3519; add the 
quotient in seconds (to A. The sum is the ksepaka of) 
the Node of the Moon. 1 (16) 

The dyugana at the beginning of the present Kali is 
720,634,954,219. All (other) mean (positions) etc. of 
the planets are to be calculated as before by a wise 
(man). (17) 

The asterisms are designated as inferior (jaghanya) or 
superior (brhat) or even (sama) 2 ; and they bestow 
rewards according to their own designations at the time 
of rise of the Moon in the asteiism (concerned) 
(samkramavidhudaya) . In order to determine that (time) 
a minute calculation of the asterisms is to be made. 
(18). (SRS) 

13. 34. 1. ft^RJ: WTf STTWt qts^Nl<ft+> fafa: I 

^TRT 4l^|^|fe^lH?mH : W*M*ll: II M 

e 

c 



1 Kfepaka of the Node of the Moon 

=»(4*/10799)°H-(4*/76)° + (10.y/3519)*. The proof for these 
equations is similar to that in I. 43-47. 

* This classification of the asterisms into 'inferior', 'superior' and 
'even' is based on an ancient tradition ascribed by Bhaskaracarya 
II to Paulisa, Vasistha, Garga etc. According to their teachings, 
the ecliptic is not divided into equal parts of lunar mansions, but 
into six smaller, six greater and fifteen even lunar mansions. Thus 
Aslesa, Ardra, Svati, Bharani, Jyestha and Satabhisaj are small 
each' consisting of 395' 17*. Visakha, Punarvasu, Rohini, Uttara- 
phalguni, Uttarasadha and Uttarabhadrapada are great, each 
consisting of 1185' 52", and the remaining fifteen are even, each 
consisting of 790' 35*. The 22nd lunar mansion, Abhijit consists 
of 254' 21". 
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VmhV^T tW^t ffr^ ^ n ^ ii 
Trar ^MIHN fMNT:qfig#: - MR*fgMdl: II II 

^it+^^Mi Wft tfzpft I 

tt^w^" sftyMid ^rraf^ gpr^ft: n 3° n 

Af|4| fa *M M Pd b H fa Vb ' l frMd RH ¥1 1 d I 

fawn *T ¥§£\ m\ fl^+W ^tfef : II ^ II 

TTcTc^WH^Td^MWI^d^ II 33 II 

^y^^M^IMiyWrtdld^ ^kTO: I 
^OTBTOfT: ^f^r: qR+lfdd: II ^ II 

' 3* 1 f*H im^lft l dM^d l ^dlfd 

^f: H^d l Td WT: ^Rft Jf^pnt 

^^TT ^ Ail^dHM^d^l II n 1 1 

(Bhaskara I, 7. 21-35) 

Midnight day-reckoning of Aryabhata I 
— Bhaskara I 

The astronomical processes which have been set 
forth above come under the sunrise day-reckoning. In 
the midnight day-reckoning too, all this is found 
to occur; the difference that exists is being stated 
(below). (21) 

Civil days, Omitted lunar days, Rev. of Mercury and Jupiter 
(To get the corresponding elements of the midnight 
day-reckoning, add 300 to the number of civil days (in a 
yuga) and subtract the same ( number) from the number 
of omitted lunar days (in a. yuga); and from the revolu- 
tion-numbers of (the sighrocca of) Mercury and Jupiter 
subtract 20 and 4, respectively. (22) 

Diameters of the Earth, the Sun, and the Moon 

(In the midnight day-reckoning) the diameter of the 
Earth is (stated to be) 1600 yojanas) ; of the Sun, 6480 
(yojanas); and of the Moon, 480 (yojanas). (23) 

Mean distances of the Sun and the Moon 

The (mean) distance of the Sun is stated to be 6,89,358 
(yojanas) and of the Moon, 51,566 (yojanas). (24) 



Longitudes of the apogees of the planets 

160, 80, 240, 1 10 and 220 are in degrees the longitudes 
of the apogees of Jupiter, Venus, Saturn, Mars and 
Mercury respectively. (25) 

Manda and sighra epicycles 

The manda epicycles (of the same planets) are 32, 14, 
60, 70, and 28 (degrees) respectively; and the sighra 
epicycles are 72, 260, 40, 234, and 132 (degrees) respec- 
tively. The Sun's apogee and epicycle are the same as 
those of Venus (i.e., 80° and 14° respectively). The 
Moon's epicycle in the midnight day-reckoning is stated 
to be 31 (degrees). (26-28a) 

Manda and Sighra patas 

(The following directions for) the degrees of the 
(manda and sighra) patas of the planets as devised (under 
the midnight day-reckoning) should be noted carefully 
by learned scholars. (28b) 

Add 180° to the longitudes of the mandoccas (apogees) 
and Hghroccas (perigees) of Mercury and Venus, and 
subtract 3 Signs from the mandoccas and sighroccas of the 
remaining planets. Then are obtained the longitudes 
of the manda and sighra patas of the planets. (Also) add 
2 degrees to the longitudes of the manda patas and Hgh- 
roccas of Venus, Saturn, and Jupiter; and 1J degrees to 
those of Mars and Mercury. (It should be noted that) 
the Hghrapdtas have been stated for all the planets 
excepting Mercury. (Mercury does not have a 
Hghra-pata) . 1 

(That is to say, the longitudes of the manda patas of 
Mars, Mercury, Jupiter, Venus, and Saturn ate 21.5°, 
41.5°, 72°, 262°, and 152°, respectively; and the longi- 
tudes of the sighra patas of Mars, Jupiter, Venus, and 
Saturn are (sighrocca — 88°. 5, sighrocca — 88°), 
(sighrocca+\82°) and (sighrocca — 88°), respectively). 
(28b-31a) 

Celestial latitude of a planet 

(From the longitude of a planet severally) subtract 
the longitudes of its (manda and sighra) patas and there- 
from calculate (as usual) the corresponding celestial 
latitudes of that planet. Add them or take their differ- 
ence according as they are of like or unlike directions. 
Then is obtained the true celestial latitude of that 
particular planet. The true celestial latitude of any 
other planet is also obtained in the same way. The 
remaining (astronomical) determinations are the same 
as stated before. This all in brief is the difference of 
this other tantra (embodying the midnight day-reckoning 
ofAryabhata I). (31b-33) 

1 This passage represents rather old ideas of Hindu astronomy. 
The conception of manda and Hghra patas does not occur in any other 
work. Our translation agrees with the interpretations given in the 
various commentaries. The translation given by P.C. Sengupta 
in the introduction to his Khanda-kkadyaka appears to be wrong. 
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Longitude of the true-mean planet 

Apply half the sighraphala and (then) half the 
mandaphala to the loagitude of the planet's own man- 
docca (reversely) . From the resulting longitude of the 
planet's mandocca, calculate (the mandaphala and apply 
it to the mean longitude of the planet: the resulting 
longitude of planet is stated to be) the true-mean longi- 
tude of the planet. This is stated to be another 
difference (of the midnight day reckoning). (34) 

Circle of the sky and Orbits of the planets 

Multiply the revolutions of the Moon (in a yuga) by 
32,40,000 and then discard the zero in the unit's place : 
(this is the length of the circle of the sky in terms of 
yojanas), (Severally) divide that by the revolutions of 
the planets (in a yuga) : thus are obtained the lengths of 
the orbits of the respective planets in terms of yojanas} 
(35). (KSS) 

— wqwn> ; 
— <RM^nMis qn 

13. 34. 2a. fd^T: srf^ftR J^sfspfrt diwiw I 

^d*jf*Kfi3Rrt 5ft^Ssklfd+l4?TH^^+u: II ^ II 

'^sK^lfrldld ^r'^RT- 

wufc<d ftprisr- 

M<UWdM:' -M<fi|d: II V \\ 

Wllfe Tifa<i"ty4WHWp\:' II 13 II 

'Mfis^hrfl^VK:' *mf ^iwki TRT: ll || 
(Brahmagupta, KK, Ll. 7-14) 

— Mean Sun and Moon — Khandakhadyaka 

The mean longitude of Saturn (1.2.5) decreased by 3", 
the sighrocca of Mercury (1.2.2.) decreased by 22", 
the mean latitude of Mars (1.2.3) increased by 4" are 
equal to the respective mean longitudes of the planets 



1 From stanzas 20 and 35 it is evident that one yojana of the 
sunrise day-redccning is one and a half times that of the midnight 
day-reckoning. 



at midnight, as calaulated by Aryabhata I (in his 
Ardharatrika system). (7) 

Multiply the ahargana (as calculated above) by 800. 
Add 438 to the product. Divide the sum by 2,92,207. 
The result in revolutions etc. is the mean longitude of 
the Sun, Mercury or Venus and cf the sighrocca of Mars, 
Jupiter or Saturn. (8) 

Add to the mean longitude of the Sun the number of 
degrees equal to 12 times the number of tithis elapsed 
since the last amavasyd. Add to the sum the number of 
degrees, etc., obtained from dividing 3 times the avama- 
sesa by 1 73. The result is the mean longitude of the 
Moon at midnight. (9) 

Multiply the ahargana by 600. Add 417* to the 
product. Divide the sum by 16,393. Subtract from 
the result the number of minutes obtained by 
dividing the ahargana by 4929. (10) 

The result is also the mean longitude of the Moon in 
terms of revolutions, etc. 

Divide the avamasesa by 692. The result is in terms 
of dinas, ghatikds, etc. (When degrees, minutes etc., are, 
respectively, substituted for dinas, ghatikds, etc., in the 
result, it is called Prathama). Add the result to the 
adhimdsaseia. Multiply the sum by 30 and divide the 
product by 1006. (When degrees, minutes etc., are 
respectively, substituted for dinas, ghatikds, etc., it is 
called Dvltlya). Then add the months (cdndramdsas 
elapsed since the light half of Caitra considered as 
sauramdsas) , days {tithis elapsed since the last amavasyd 
considered as sauradinas) and the Prathama. (The sum 
is in terms of Signs etc.) Subtract the Dvltiya from this 
sum. The result is the mean longitude of the Sun in 
signs, etc. Subtract the Dvitiya again from 13 times the 
above sum and the result is the mean longitude of the 
Moon in Signs, etc. (11-12) 

The mandocca of the Sun is 80° and that of the Moon 
is calculated as follows: Subtract 453f from the 
ahargana. Divide the remainder by 3232. Add to the 
result the minutes obtained by dividing the ahargana by 
39,298. The result is the Moon's mondocca in revolutions 
etc. (13) 

Deduct 372 from the ahargana Divide the remainder 
by 6795. The result is in revolutions etc. Divide 
again the ahargana by 5,14,656. The result is in degrees. 
Add both the results and substract the sum from 360°. 
The remainder is the iong'.tude of the pdta (Node) of 
the Moon. 1 (14). (BG) 



1 For the rationale and formulae involved, see KK\BC I. 96-100. 
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— WHI^i: 

13. 34. 2b. <TT^'<UH<^fV|taTC Wll^^WiS ^T: I 

'*d<sHHd'1:' *M|W|fiH»4j M R II 
Wife y?: ' »| ftn H H Mte VI ' <V \ )*iM \ \A II 
'flfeM:' mil ^WITcf' Tdfr^wV i I 

r^^lnb^K+I^HIH II K II 
H^mT ^HjfadT 

(Brahmagupta, AX, 1.2. l-5a) 

— Mean planets 

When the ahargana less 495| is divided by 687, the 
result is in terms of revolutions etc. This, together with 
the minutes obtained from dividing the akargana again 
by 1,74,259, gives the mean longitude of Mars. (1) 

When the akargana multiplied by 100 is reduced by 
2181 and divided by 8797, the result is in terms of 
revolutions etc. This, together with the minutes 
obtained from dividing the akargana again by 71,404, 
gives the longitude of the sighrocca of Mercury. (2) 

When the akargana less 2112f is divided by 4332, 
the result is in terms of revolutions etc. This, lessened 
by the degrees obtained from dividing the akargana again 
by 1,62,621, gives the mean longitude of Jupiter. (3) 

When the akargana less 37 J is multiplied by 10 and 
divided by 2247, the result is in terms of revolutions 
etc. This, together with the degrees obtained from 
dividing the akargana less 712 again by 77,043, gives the 
longitude of the sighrocca of Venus. (4) 

When the akargana less 2491 J is divided by 10,766, 
the result is in terms of revolutions etc. This, diminished 
by the minutes obtained from dividing the akargana 
again by 80,450 gives the mean longitude of Saturn. (5) 

11, 22, 16, 8 and 24, each multiplied by 10, give, 
respectively, in degrees, the mandoccas of the planets 
beginning with Mars. (6a). (BC) 



13. 34. 2c. STT^Wt *wVtf 

<tftoHm*i*H m it 

^WJ*H^l^¥H^>«w II R II 

*m5"'$d 'n i * 'fen<^fa<3'4wid i 
^w^tte *m mm ^m: u 3 ti 

( Brahmagupta, KK, 2.1. lb-3) 

— Mean Planets — Emend, by Brahmagupta 

The more correct mandocca of the Sun is 2 signs 1 7° 
(and not 2 signs 20° as given in KK. 1.1.13). 

Multiply the akargana by 1 1 0. Add 5 1 1 to the product. 
Divide the sum by 3031 . The result in terms of revolu- 
tions etc., when subtracted from the mean longitude of 
the Moon gives its mandocca (which is more correct than 
that given in KK. I 1.13). (lb-2) 

Subtract 354J from the akargana. Divide the 
remainder by 6792. The result in terms of revolutions 
etc., when subtracted from 360°, gives the longitude of 
the Moon's pdta (which is more correct than that given 
inKK U.14). (3). (BG) 

— *$di|£i: 

13. 34. 2d. ip^r g^srcT <+><nfH^1^ fe^lpHd^ II $ II 

^fftWWFTcT T$\ U*>rM : II V3 II 

'^rrgr'tW 'WFM: W^Vtm '^f^%R lis 1 1 
ERTJ*T'*1 Pi *l si I ^'^'l*<i^ l ' ^IHKHd") I 

^Rf^r^ft^T '^nr'sfor Hmfa ferWts^: 1 1 ^ 1 1 

'^rmjr'-^ ^totw ii v u 
^fa^ifa^ fonr i 

3H^dfad4-dr<3- 

•o 

<^lkim i aH^uflPkHd : M *H It 



175 



13. PLANETS 



13. 34. 2d 



sps^TT WTR 

faM<ld*Jd : g^lfa: II <^ 11 

*rt '*ren' «HKi**m ii <|v ii 
sn^wrrfrs^T: u <^ ii 

'^I^HMii^ II <\ % II 

*\ 

'cfft'f^cR fwtrfrs^r: n <\\$ u 
vft^r wt?#^it ii ^ ii 

(Brahmagupta, KK, I. 2. 6-18) 

—True Planets 

The mandaphala of Venus is the same as that of the 
Sun. The mandaphala of the son of the Moon, (that is, of 
Mercury), is twice that of the Sun. The mandaphala of 
Mars is 5 times that of the Sun. The mandaphala of 
Jupiter is 1? times that of the Sun and doubled. The 
mandaphala of Saturn is times that of the sun and 
quadrupled. (6b-7) 

Mars has a sighraphala (SP) of 1 1 corresponding to a 
Hghrakendra (SK) of 28\ when it rises in the east. For 
the next SK of 32°, it has a SP of 12°; for the next 30°, 
it is 10°; for the next 31°, one of 7° more; and for the 
next 14°, one of J° more. All these §Ps are positive. 
Then the SPs are negative. For the next $K of 13°, 
the SP decreases by 3 . 1 and for the next 16° by 12°. 
Then the motion is retrograde. For the next SK of 9°, 
the SP decreases by 13°, and for the next 7° by 12£°. 
Then Mars has the same SP in the reverse order. (8-9) 



1 For the positive, 'more* is used. For the negative, 'less' or 
' decreased * is used. 



Mercury has a SP of 13° corresponding to a SK of 51° 
and rises in the west. Then for the next §K of 38°, 
it has a SP of 7° more, and for the next 31° one of if 
more. All these §Ps are positive. Then they become 
negative. For the next §K of 26°, the $P decreases by 
5°. Then the motion is retrograde. For the next §K 
of 9°, the SP decreases by 3J°. Then Mercury sets in 
the west. For the next SK of 25°, the SP decreases by 
13°. After this, Mercury has the same SP in the reverse 
order. (10-11) 

When Jupiter has a SP of 2 1 /3° corresponding to a 
SK of 14°, it rises in the east. For the next SK of 40°, 
it has a SP of 6° more; for the next 36°, one of 3° more; 
and for the next 18°, one of 10° more. These SPs are 
positive. Then they become negative. For the next 
SK of 22°, the SP decreases by 1£°. The motion is then 
retrograde. For the next $K of 14°, the §P is 2° less; 
for the next 20°, 4° less and for the nex; 16°, 4° less. 
The SPs then repeat in the reverse order. (12-13) 

When the son of Bhrgu, (that is Venus), has a SP 
of 10° corresponding to a SK of 24°, it rises in the west. 
For the next §K of 39°, it has a SP of 16° more; for the 
next 33°, one of 12° more; for the next 27°, one of 7° 
more ; and for the next 18°, one of 1 J° more. These SPs 
are positive. After this, they are negative. For the 
next SK of 13°, the SP decreases by 4|°; and for the 
next 11°, by 10°. Then the motion is retrograde. For 
the next SK of 12°, the !§P is 24° less. Venus then sets 
in the west. For the next SK of 3°, the SP is 8° less. 
The SPs then repeat in the reverse order. (14-15) 

When Saturn has a SP of 2° corresponding to a SK 
of 20°, it rises in the east. For the next SK of 36°, it has 
a SP of 3° more; for the next 20°, one of 1° more, and 
for the next 20°, one of 1 /3° more. These §Ps are positive. 
Then they are negative. For the next SK of 20°, it 
has a SP of 1/3° less. Then the motion is retrograde. 
For the next SK of 1 7°, the SP is 1 less ; for the next 22°, 
2° less and for the next 25°, 3° less. Then the SPs repeat 
in the reverse order. (16-17) 

Calculate the SP from the mean longitude of a planet. 
If it is positive, add half of it to the mean longitude; if 
negative, subtract half of it from the mean longitude. 
The result is the longitude of the planet corrected once. 
Use this result to calculate the mandaphala. Add half of 
the mandaphala to the result, if the mandakendra is greater 
than 6 Signs ; subtract, if less than 6 Signs. The reuslt is 
the longitude of the planet corrected twice. Use this 
result to calculate again the mandaphala. Add it to the 
given mean longitude of the planet, if the mandakendra 
is greater than 6 Signs; subtract, if less. The result is 
the longitude of the planet corrected thrice or manda- 
sphuta planet. From this calculate the SP. Add it to 
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the mandasphuta planet, if the SP is positive ; subtract, if 
negative. The result is the true longitude of the planet. 

When the mean longitude of a planet is subtracted 
from its sighrocca, the remainder is its sigkrakendra . (18) 



13. 34. 2e. 



^rrmfe^ t^t i i <ni 




ii ^ n 



^TW: t Fv?HTFTT- 

cT^Hl^^' ¥§Z II 3 M 

(Brahmagupta, AjST, 2. 2.1-3) 



True Planets: £m. by Brahmagupta 

The mandoccas of Mars and Jupiter (as given in KK 
1.2.6) should respectively, be increased by 17° and 10°. 
The sigkrocca of Venus should be decreased by 74'. The 
mandaphala of Saturn should be decreased by its |. 
The sighraphala of Mercury should be increased by its 
T V- (The results would then be more correct). (1) 



Multiply the bhogyagati by the bhuktagatiphaldihsa and 
divide the bhuktagati. The result is the corrected 
bhuktagatiphaldthsa. Find half the difference of the 
bhogyagatipkaldthsa and the corrected bhuktagatiphaldmsa. 
Multiply it by the vikala and divide by the bhogyagati. 
Add or subtract the result to or from half the sum of the 
bhogyagatipkaldthsa and the corrected bhuktagatiphaldthsa, 
according as the half sum is less or greater than the 
bhogyagatiphaldthsa. The result is the sphutabhogyagati- 
phala or correct tabular difference of the sighraphala to 
be passed over (and hence the correct sighraphala). 
(2-3). 1 (BC) 

— 

13 34. 2f ^^ ftd^dl^^^dlti^^^r ^: I 

J|d5A1=MI'6<il fed I Id *lId^H4d'*fl^lfH II H II 
(Brahmagupta, KK, 1.2-19) 

True Motion 

The motion of a planet at any given time should be 
calculated in the same manner (i.e., using methods 
adopted for True planets) . 

Subtract the mandasphuta motion of a planet (that is, 
the mean daily motion thrice corrected) from the motion 
of its sigkrocca. The number of minutes in the arcs of 
sigkrakendra passed and to be passed, at the time when 
the planet has direct or retrograde motion or rises or 
sets, should be divided by the above remainder. The 
result will be the number of days passed and to be passed 
as regards any of the above phenomena. (19). (BG) 

1 For the rationale and worked out examples, see KFC-.BC, 1. 146-48. 



14. S MHiqHH - PRECESSION OF THE EQUINOXES 



14. l. l. *m t j^r ^ ftwrrcTFT *m zfevitsi rnr 

(Ait. Brakmana\ 4.22) 

Solstices and Equinoxes 

The solstice is like a man; the first half of the solstice is 
like the right half of a man; the second half of the solstice 
is like the left half. 

14. 2. 1. 3u^i«f^uHTt <H*\*i T#?5f^6i^H I 
+<*lf^ltfte q-TT^t J^M^ II <1 It 

ftrirft": ^5frft5r^^r(%: ii ^ u 
^N i M^ir^mR^T *r?fr inn 

(Varaha, Br. Sam., 3. 1-3) 

Cognition of Precession 

There was indeed a time when the Sun's southerly 
course began from the middle of the star Asle$a and the 
northerly one from the commencement of the star 
Dhanistha. For, it has been stated so in ancient works. (1) 

At present, the southerly course of the Sun starts from 
the beginning of Cancer and the other from the initial 
point of Sign Capricorn. The actual fact which goes 
against the old statement can be verified by direct obser- 
vation. The Sun's change of course can be detected by 
marking every day the position of a distant object either 
at sunrise or sunset, or by watching and marking the 
entry and exit of the shadow of the gnomon planted at 
the centre of a big circle drawn on the ground. (2-3) . 
(MR. Bhat) 

14. 3. 1. f%9TcS^TT mmw^ MKHlVlHd I 

^d*kdK ^ l "ll*K4imd II £ II 
d^lR^HI 4411*4 ill I few srwfw: I 
d<U>+dK JJfRT ^lRd'toWM<^lRtt^ IIV || 

MI<M*b ^fecf &WI+Ic+<«IMl3 II *n II 

(SUJSi,, 3, 9-12a) 



Cause of Precession 

In an Age (yuga) y the circle of the asterisms (bha) falls 
back eastward thirty score of revolutions. Of the result 
obtained after multiplying the sum of days (dyugana) by 
this number, and dividing by the number of natural days 
in an Age, take the part which determines the sine, 
multiply it by three, and divide by ten; thus are found 
the degrees called those of the precession (ayana). From 
the longitude of a planet as corrected by these are to be 
calculated the declination, shadow, ascensional difference 
(caradala), etc. (9-10) 

The circle, as thus corrected, accords with its observed 
place at the solstice (ayana) and at either equinox; it has 
moved eastward, when the longitude of the Sun, as 
obtained by calculation, is less than that derived from 
the shadow, by the number of degrees of the difference; 
then, turning back, it has moved westward by the 
amount of difference, when the calculated longitude is 
greater. 1 (ll-12a). (Burgess) 

14. 3. 2. '*Tfil1iMH(d ^TtT: MI^HdV-tfi: 1 

•jfi^fcuM fe«m«3: qs^rfairsr spjffcfcmT ii<tv9ii 

^Tfrr^Tfr^ MWIK^*H ^ II ^ 11 

(Nllakantha, SiDar., 17-18) 

The conjunction (of the equinoxes) moves east and 
west by 27 degrees on each side. This increase and 
decrease (i.e., moving east and returning, then moving 
west and returning) occurs regularly, (each increase or 
decrease taking place) once in five divine years (i.e., 
once in 1 800 ordinary years) . 2 (17) 

Position of the equinoxes at a specific date 

Taking the time when one-eighth of the dawn 3 of the 
Kali age had passed and increasing this number by its 
one-hundredth part (we find) a moment when the two 
solstices were roughly in the middle of Sagittarius 



1 For elucidation, see SuSi: Burgess, pp. 114-21. 

* One divine year is equal to 360 Ordinary years. Thus, to 
complete one oscillation, both ways, it would take 4 X (5x360) 
= 7200 years. 

8 The twelfth part of the total duration of a yuga in its begin- 
ning is its dawn (sandhya) and the twelfth part at the end is the 
twilight {sandhydirtfa). 
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(Dhanus) and of Gemini (Mithuna) , respectively. 1 (18). 
(KVS) 



14, 4. 1. NW«4Mi H$*t$<\ «M<fldlfcM*M yiHWi: 1 

^ry+i famfiK^lwif TR" ^TTts^rr: mod 
Aryabhata I, ABh., 3-10 

TO n^T:, TR *F*T?T: srsrfo ^fa+l .Pw(d<«*l WT: t 

HHNI^ I fcl^4fe4 l ^ H^ l d^d (1. 1.59-60) il^W*<J 
m 'fe#TO:' *MI«il fe^lhdl: II 

f% i apRfr flirrfeRW^TOz? ^ *FTO*rfer #r*ftsFT +<5<^*t, ' 

(ABk. } Com., Suryadevayajvan: KVS, pp. 93-94) 

Time of zero precession: 5,ryabha$a*s date of birth 

When three quarter yugas (viz. Krta, Treta and Dva- 
para) had passed and also 3600 years (in the fourth, 
viz. Kali) } then 23 years had passed after my birth. (10) 

Suryadevayajvan 9 s Commentary 

Here, in the current twentyeighth yuga when three 
yuga quarters and 3600 years had passed by, then 
twentythree years were over after my birth. That is, in 
the 3600th solar year of the current jaga-quarter, viz. 
Kali, this scientific treatise (viz. Aryabhatiya) has been 
composed by me who am twentythree years of age. 

1 The date works out to the Kali year 4545 (A.D. 1444). For: 

=4,320,000 years 



No. of years in a catur-yuga 

Kali-age i x 4,32,0000 

Kali-age dawn x 43,20,000 

One-eighth part of above £ x 36,000 
One hundredth part of the above 

m * 4500 

Date specified 



-4,32,000 „ 

= 36,000 years 
=4500 years 



= 45 years 
4545 Kali 

The author says in his commentary that he has stated this to 
specify the year of his birth • 



What is the purpose of this statement? I shall ex- 
plain. At this point of time the mean positions of the 
apogees, nodes and planets would be exact when com- 
puted using the number of planetary revolutions enun- 
ciated in the Gitikd (section of the Aryabhatiya) (and so do 
not stand the need of any correction) . Then the northern 
solstice was eaxctly at the beginning of Cancer and the 
southern solstice at the beginning of Capricorn, (the 
precession of the equinoxes then being zero) . The above 
statement is to indicate that there is an additive or 
deductive correction, enunciated by tradition, to be 
done thenceforward, which addition and subtraction 
to be done to the mean planets, has been specified by 
his (i.e., Aryabhata's) pupil Lalla-acarya in his work 
entitled Sisyadhivrddhida. . . 

The traditional additive-subtractive correction for the 
precession of the solstices, (and hence for the equinoxes as 
well), has also been set down as follows in two dryd- 
verses : 

'Subtract 3600, (being the cut-off year), from the Kali 
year and divide by 5808. (Neglect the quotint and) 
divide the remainder by 1452. Treating the remainder 
as bhuja, multiply it by 2 and divide by 121, the result 
in degrees etc. is to be applied like the bhujd-pkala to the 
longitudes of the planets and the solsticial points. By 
so doing, they would agree with observation.' 

Hence the above additive-subtractive correction 
should be done to the mean positions of planets and of 
the solstices (and so also equinoxes) . (KVS) 



14. 4. 2. 



+flkiuM fjktt 5n*rr: *pmf ^ftfi r: n *na n 



3HIHii*Wlld d4<4+*>4 WtfefFT II H II 

^iry^^di^lMl^^rJ ^TW^RT II tl 

(Bhaskara II, SiSi. 3 1. 11. 17-21) 

Ancient astronomers happened to give a list of 
polar longitudes and polar latitudes at a time when 
there were no ayanamias, i.e. when the zero-point of 
the ecliptic as taken by the Indian astronomers, namely 
Asvini, coincided with the modern zero-point. 1 

1 For the formula involved, see Si$i: AS, pp. 519-20. 
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In fact, these polar longitudes and latitudes do change 
if there be ayanamsas. Here in this case, from the polar 
latitudes the celestial latitudes are to be computed in a 
reverse process. (18) 

With the half of these celestial latitudes, the dyana- 
drk-karma is to be effected in the reverse proceess to 
obtain the celestial longitudes. After having obtained 
the correct celestial longitudes and celestial latitudes, 
and now, bringing the ayanamsas into the picture, 
compute the correct drk-karma and also rectify the 
celestial longitudes, to obtain the correct polar longi- 
tudes and polar latitudes to compute the moment of 
polar latitudinal conjunction. This case may be taken 
when the ayanamsas are large, otherwise, there will be a 
small difference (which is insignificant). (19-21). (AS) 

14. 5. 1. SfJc^Tf^^W^TWf WIsilftMHIlGi* 

(Deva, KR, 1. 3. 56.) 

Computation of Precession 

Divide the elapsed Kali years by 615 : the result is the 
longitude of the ayana-graha (i.e., solstitial planet) in 
terms of signs, degrees, and so on. The declination, in 
terms of minutes, of that ayana-graha (is the motion of 
the equinoxes. This) should be subtracted from or 
added to the longitude of the Sun, according as the Sun 
is in the northern or southern hemisphere. This correc- 
tion should always be applied while computing the 
midday shadow, but in no other computation. This 
correction should be applied in the case of the Moon 
too while computing the Moon's meridian shadow. 1 (36) 
(KSS) 

14. 5. 2. 3W*iy^l:^f>Tf%- 

feanroiTO^T II \\ II 

(ABh. II, Mate., 3. 13.) 



iFor the rationale, see KB: KSS, p. 25-26. Here, motion of 
R sine {ayana-graha) X R sin 24° 
the equinoxes — arc — — , R = 300', 

where ayana-graha— Y /615 signs, and Y— number of Kali years 
elapsed. 

Deva is probably the first in the school of Aryabhafca I to have 
given a rule for finding the value of the precession cf the equinoxes. 
He bases his rule on the assumption that the motion of the 
equinoxes is oscillatory, and that its rate is about 47* per annum. 
The modern value is about 50* per annum. 



(Find out from) the base(of the longitude) oiayanagraha 
the sine of declination, (and from it the corresponding) 
arc. (This arc) is positive or negative according as the 
kendra (is positive or negative. The degrees of this arc) 
are called, the degrees of precession (ayanalava) . From 
the (longitude of a) planet as corrected by these, the 
ecliptic deviation (dyana) and the ascensional difference 
in palas (cardrdhapalajdni?) are to be calculated. 1 (13). 
(SRS) 

14. 5. 3. ^swr<^ii=bid ^itd^r^nfl'faw i 

Wl^: shlfcWMII WUrt ^tereftfiTT: II 

(Amaraja's comm. on KK 3. 11, Qfrom 
Trivikrama's KK-tika, 3. 11) 

Add 3179 to (the elapsed) Saka years and divide the 
sum by 7380 : the quotient gives (the longitude of the 
ayana-graha in terms of) revolutions etc. The cor- 
responding declination should be applied (to the 
longitude of the planet) negatively or positively according 
as it is north or south. This motion of the solstice 
(or equinox) should always be applied while calculating 
the Sun's declination, the Sun's ascensional difference, 
longitudes of the horizon-ecliptic and meridian- ecliptic 
points and to the computations relating to the visibility 
of the planets and the pdta. (KVS) 

14. 5. 4. d>H I Si facial II ^ Y II 

W 1 *| rer ?TT g faMHflHir^ i m^HI^ I- II II 

q-g <|gq^RdK <ff MH^dls^+lfa+kUim I 

3r^?r h^i ff ii ^ ii 

(Vatesvara, VSL, 3. 2. 24-27) 

Multiply the R sine of the difference between the 
latitudes due to the (sayana and nirayana) mesddi or 
tulddi by the radius and divide (the resulting product) 
by the R sine of the (Sun's) greatest declination. 
The arc corresponding to that (is the ayana-calana, 



1 The number of revolutions of ayanagraha in a kalpa is given in 
1.11-12. From these the positions of ayanagrahv at a given moment 
are to be calculated, (tatsaqiskrtakhefat ayanatp. drkkannadi carapaldni 
casddhyani: (Sudhakara Dvivedi) . 

The above correction is based on the assumption that the summer 
and winter solstices (and therefore the vernal and autumnal equi- 
noxes) have an oscillatory motion of amplitude 24°, the period of 
one complete oscillation being 7380 years. The rate of motion of 
the equinoxes thus amounts to about 47* per annum, the modern 
Talue being 50* approximately. 
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which) should be added to the longitude of a planet 
provided the (midday) shadow of the gnomon at the 
time of (the Sun's next position at the nirayana) tulddi 
is greater than the (midday) shadow of the gnomon at the 
time of (the Sun's previous position at the nirayana) 
mesadi, and subtracted in the contrary case. In the case 
of the Moon's ascending nodes, it is to be applied con- 
trarily. This correction should be applied in all cal- 
culations pertaining to the TripraJna, (Three Problems). 
The astronomer who is proficient in trigonometry 
(lit. ' the science of arc'), should calculate the ayana- 
calana> or when the Sun is six Signs distant from the 
nirayana mesadi or tulddi or at any desired time, by the 
application of his own intellect. (24d-27). (KSS) 

14. 5. 5. 'STRf^T: %?^WHdl |<r: I 

{VK, 3. l-2a) 

Deduct 3600 from the Kali years gone, deduct from 
it the 121th part of itself and divide by 60. The total 
precession is obtained in degrees etc. If the precession 
so determined is more than 24° , deduct it from 48° to 
get (right) the precession. 1 (1) 

In computing the cara (declinational ascensional dif- 
ference, i.e. difference between day time and 30 nddis) 
the declination, the shadow, the mahapata etc., the 
Sun, the Moon and planets should be taken as true 
after adding the precession to them. (2a) . (TSK-KVS) 

14. 5. 6. faq«kfr l f^<wfl : ?Wm: *MPdMld: FTT?f I 

(Bhaskara II, Si$i. 9 2.5. 17-18) 

The point of intersection of the celestial equator and 
and the ecliptic is known as the Kranti-pdta (vernal 
equinox) . As per the Surydsiddkdnta, its revolutions are 
3,00,000 retrograde during a Kalpa. The ayanacalana 
described by Munjala refers to the same, but the number 
of revolutions according to Munjala is 1,99,669 during 
a Kalpa. 2 (17-18). (AS) 



1 The instruction to deduct from 48° is based on the oscillation 
theory propounded by most ancient Indian astronomers, and so 
is inaccurate. 

2 Calculated from this data, the yearly rate of motion of the 
equinoxes according to Munjala (year of writing A.D. 932) comes 
to 59.86*. During A.D. 932, the yearly rate of precession was 
50.041* (cf. Ball who says that the yearly rate of precesson was 
50.2453=. 0002225 i, where t isthenumber of years from A.D. 1850). 
According to the Indian practice, adding the excess of the tropical 



14. 5. 7. '<MIWH<fTTf|&T: 

W^TOT ai*Hii«4> i: FT: i 

'^qnrsr'cj^TT f^rr: srfcr: n R n 

(Jagannatha, SiSam., pp. 6-7) 

Precession at desired time 

The Saka years reduced by 278 and divided by 70 
would give the total precession in degrees at any time. 
The rate of precession per annum is 51 seconds. 
(2). (KVS) 

14. 6. 1. 3TW^HFT tTHtTFTRT ffert^ =#TRT: I 

^ft" ^ ^rf^R^r ^PT# ^Iwfl^lIdfH^RKiw II ^ 

TOf *<^M*ldH^W^lfc+ Wt rTFT II w || 

im <I*H+M ^IMIH+M T 'ifadPK Wit: I 
TOM A|R:^H ^TT# c^ffacrfsp^RnT II 

feWUWHI^Fl ^ dfe^ld WRT I 
dc+M^Wft: ^^TT^Wf^TWtS^: FTFT II 

^t"m^c|| fcMfHfd ^ M*^d J|P>ld^Pklft^l II 
(Paramesvara, GZ), 4. 85-90) 

Measuring precession with instruments 

Now a method for knowing the amount of the pre- 
cession of the equinoxes is given below. (85a) 

The difference (in the longitude) of the Sun as deter- 
mined by the shadow and as derived for that moment by 
calculation (from astronomical texts) is said to be the 
precession of the equinoxes at the time. 

Or find the moment when the Sun is free from south- 
ward or northward motion. The difference between 
the Sun at that time and the solstice (i.e., the end of 
the ayana, according to astronomical texts) will be (the 
amount of) the precession of the equinoxes. (85b-87a) 

The astronomer (ganita-vid) should take as the gnomon 
a very high pillar or the like, and observe its noon- 



yeai, viz. 9.76* to the rate of precession, Munjala construed that 
the rate of precession was 59.86*, whereas the correct rate at that 
time, adding the said excess, was 59.8* per year. What a correct 
estimate has Munjala made! It might also be noted that Munjala 
postulated secular precession and not liberation. 
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day shadow on its onward movement (north or south) 
and also on its backward movement. (87b-88a) 

(He should observe) the movement when the end of 
the shadow passes a given point on the onward move- 
ment and the moment when the end of the shadow 
comes back to the same point. (88b-89a) 

At the moment when the Sun is at (a position 
equal to) half the sum of the True Suns at the above 



two moments, the Sun will have been free from (north- 
ward or southward) motion. (89b-9Ga) 

This (precession of the equinoxes) is determined 
either as additive or subtractive, by (the astronomer) 
versed in astronomical principles (ganita-yukti-vid) . 1 
(90b). (KVS) 



1 It is additive (dhana) when the longitude of the Sun derived from 
the shadow is greater than the value obtained by calculation from 
the texts. 
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15.1.1. m ^^HPlWK: ^H\tH £l<W>ttW: I 

«K41W : ^l^r^^ ^ l ^ l l^M : II II 




HH^ft HK: II 33 M 



': ST^f: ^TT^^Kyil^M: I 
£TT ^HtTT yi^^T <*i<K\<l ^cTSnfTT II^V|| 

Gnomon — Types 

(The first kind of gnomon is) two angulas in diameter 
at the bottom, uniformly circular (i.e., cylindrical), 
twelve angulas in height, and made of strong wood. 

The second kind of gnomon is twelve angulas (in 
height), pointed at the top, and massive at the bottom 
(i.e., conical in shape). (Associated with it is) another 
true gnomon of the same height, mounted vertically 
on two (horizontal) nails fixed (to the previous gnomon) 
at the top and the bottom thereof. (32-33) 

Another (third) kind of gnomon (which is more 
handy) is that having equal circles at the top and bot- 
tom (i.e., cylindrical) and of twelve angulas. 

Whatever shadow of the gnomon is seen to be cast 
by this instrument is indeed the projection of the (Sun's) 
zenith distance, i.e., the R sine of the Sun's zenith dis- 
tance. (34) 



<» II 



zfWt TOFT 5R*T5RTiT I 

drHrH4^^<^<Rl4Rl4l II ^ II 

Wlfad^R^ftldssRTf? I 
3tT p4<s(?l r«M^l(d <TFT ^it 

OTn , $^frqfa(q<U*H4itMI mil 

(Lalla, SiDhVf. 4. 1-3) 



Direction from gnomon shadow 

When a gnomon 12 angulas high and cylindrical in 
shape is placed vertically at the centre of a circle drawn 
on a smooth surface, the points (on the circumference of 
the circle) where the shadow of the gnomon comes inside 
the circle and goes outside it, are, respectively, known 
as the west and the east points. (1) 

(Mark) the extremities of three shadows of the gno- 
mon (on any day^ two being the two above and the 
third, the extremity of the midday shadow). Draw 
two fish-figures (by means of intersecting arcs of circles 
drawn with the first and second points as centres and 
with a radius of any length and, again, with the second 
and third points as centres and a radius of the same 
length as before) . Draw the two straight lines (passing 
through the points of intersection of these arcs) known, 
as mouths and tails of the fish-figures. Their point of 
intersection, the Sun being in the northern hemisphere, 
is the southern direction, the extremity of the midday 
shadow being to the north, that is, in the direction of the 
polar star. The point is the northern direction (the 
Sun being in the southern hemisphere and the midday 
shadow falling towards the south- The line joining 
the north or south points with the base of the gnomon 
is the north-south line) . Then the straight line drawn 
at right angles to the north ^south lines by means of a fish- 
fiigure (through the base of the gnomon) is the east- 
west line. 

Describe the circle with the above point of inter- 
section as the centre and passing through the three 
extremities of the shadows. The shadow (of the gno- 
mon) never falls outside this circle, just as a woman of 
a noble family never abandons her family tradition. 1 
(2-3). (BG) 



15.3.1. * «fid4>lft ^ W ferpi TTT ^r^Hl »H*P i q | I 

*H<lfcM ^CRN" lien 



I 



(Varaha, PS, 2. 9-10) 
1 For an exposition, sec &DhVr: BC, II. pp. 58-64. 
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Midday shadow 

When the Sun is in the six rdsts beginning with Kar- 
kataka, the number of rdsis traversed from the begin- 
ning of Karkataka multiplied by 2 is the midday shadow 
(of the twelve-digit gnomon) in digits. When the Sun 
is in the six rdsis beginning with Makara, find the 
distance in rdsis traversed by the Sun, from the begin- 
ning of Makara and multiply by 2. Subtract this from 
12, to find the midday shadow. (9) 

When the Sun is in its southward course, (i.e, in 
the six rasis from Karkataka) half the midday shadow 
plus three is the longitude of the Sun in rdsis. When 
in the northward course (in the six rds'is from Makara), 
half the noon-shadow subtracted from fifteen is the 
position of Sun in rdsis. (10). (TSK) 

15. 3. 2. ^ i *^f*i *i n mi Pn f^* vj i r Tl 

$^A|| fcrHyfl McflPio: I 

CRT WS" fed^l^+l^i tl II 

^i <<£\s% *rfwt ^ftwr i 

#lcfr5mqWTr|fe: II II 

(Lalla, SiDhVf, 4. 17-19) 

Midday shadow and hypotenuse 

When the Sun is on the meridian, multiply the R 
sine of its zenith distance and the R sine of 90° , each by 
12 and divide each product by the R sine of its meri- 
dian altitude. The quotients are, respectively, the 
midday shadow (of the gnomon) and the corresponding 
hypotenuse. (17) 

The radius of the day-circle of the Sun increased 
or diminished by the earth-sine, and the radius in- 
creased or diminished by the R sine of the ascensional 
difference, according as the midday Sun is in the northern 
or southern hemisphere, give, respectively, the midday 
antyd and the antyakd. (18) 

They are also called cheda and hdraka, respectively. 
When the hdraka is multiplied by the radius of the day- 
circle of the Sun and divided by the radius, the result is 
cheda. By the reverse process, {cheda is converted into 
hdraka). (19). (BG) 



15.3.3. *i*j-*mf^dfa'H**i+r 

l tf \ H\$W Id^ilftcfl II ^ 11 

(Lalla, SiDhVr, 4. 21-22) 

Midday gnomonic shadow 

When the altitude of the Sun at midday or unnatdmsa 
is subtracted from 90°, the Rsine of the remaining arc 
is called drgjyd or R sine meridian zenith distance. This 
multiplied by 12 and divided by the R sine meridian 
altitude, gives the midday shadow. (21) 

When the Sun is on the meridian, divide the R sine 
meridian altitude by 12, and then divide the R sine 
of 90° by this result. The final result is the hypotenuse 
of the midday shadow in ahgulas. (So the wise) say. 
(22). (BC) 

15. 3. 4. 3|+TMHI*STyHMl^t'>i: ^|w}^5i|M<H I 

'-^\^^<fMfa^ikii fcrTsbrr i 

(VK y 3. 21 -26a) 

The Midday shadow 

Add the Sun's declination and the latitude of the 
place, if they are of the same direction (or Sign) ; deduct 
one from the other if they have different directions 
(or Sign). Find its sine, and also the co-versine 
(i.e., the combination of the segments taken in the 
reverse order). Multiply the sine by 12 and divide 
by 43 minus co-versine, (i.e. by the cosine). The mid- 
day gnomonic shadow is obtained. (21-22a) 

15. 4. L Rw^lGw^iii t 

^PT ^if^TFT 'q* *W II V || 

(Lalla, SiDhVr., 4. 4) 

Equinoctial shadow 

One-half of the sum of the lengths of the two midday 
shadows of the gnomon, when the Sun is at the first 
points of Aries and Libra, is the palabhd or 'equinoctial 
midday shadow'. The square root of the sum of the 
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squares of 12 (gnomon) and the shadow is the 
palakarna or the hypotenuse of the equinoctial midday 
shadow. The square root of the difference of the 
squares of the hypotenuse and 12 is the equinoctial 
midday shadow. (4) . (BC) 

15. 5. L SRTSPTT ^fa^ 

jfk^m^VT^m II * II 

(Lalla, SiDhVr., 4.. 5.) 

Local latitude and colatitude from Eq. shadow 

The radius severally multiplied by the equinoctial 
midday shadow and 12 (gnomon), and divided by 
the hypotenuse of the shadow, gives, respectively, the R 
sine of the latitude of the place and the R sine of the 
colatitude. Their arcs, divided by 60, give, respectively, 
in degrees, (the latitude and the colatitude). The 
latitude is always to the south. The direction of the 
declination of the Sun depends on its (i.e., the Sun's) 
position. (5). (BG) 

15. 5. 2. fa^ P^H^ HM^^NI^lId I 

^qi^M^H^d^lfcN P^fad: *3TST: II R<\ II 

(Varaha, PS, 4. 19-22) 

Measure the midday shadow on the day when the 
Sun is at the equinoxes (the equinoctial shadow). 
Square it, add 144, and find the square root. By this 
divide the product of the shadow multiplied by 120. 
The result is the sine of the latitude of the place, called 
visuvajjyd. Its arc is the latitude. Or, do this work on 
any other day and obtain the arc; If the Sun is in the six 
Signs from sayana-Me§a, i.e., if the Sun's declination is 
north, add the declination to the arc; the latitude is 
obtained. If the Sun is in the six Signs from sayana- 
Tula, i.e., if the declination is south, subtract the 
declination from the arc; the latitude is determined. 
(20-21). (TSK) 

15. 6. 1. fa^^lOTFTTST ^lfa*MN^<rlH<HH+: I 

^ l Pdfa^ l t>^n<^<Mj fopf fcd°mq : II ^3 M 

(uo^Rwd ) *MM+*lwqliw\dl W^femt I 
q^i^+rdfafa+Hiry*1 <WI^1 fiWoMW: II 

(Varaha., PS, 4. 23-25) 



Sine co-latitude and day-diameter 

Square the sine of latitude and deduct the result 
from the square of the radius. Its square root is the 
'sine of co-latitude',- (its arc being the 'co-latitude'). 
Square the sine of declination, deduct it from the square 
of the radius and find its root. Twice the result is the 
'day-diameter'. (23) 

The sines of the declinations of the points of the 
ecliptic ending Aries, Taurus and Gemini are 24' 24", 
42' 15" and 48' 48". (24) 

The respective day-diameters are, in terms of minutes: 
200 + 35, 200 + 24, and 200 + 19, with 40" and 
15" added to the second and third, i.e., the day- 
diameters are 235', 204' 40" and 219' 15"'. 1 (25). 
(TSK) 

15.7.1. iilPd^l GwPkft tTqFTSPfnrpf 

^^iwflwK m% cRHftn ^ncf ii % ii 

(Lalla, SiDhVr., 4. 6) 

Samamandala-£anku from Eq. shadow 

When the hypotenuse of the equinoctial midday 
shadow is multiplied by the R sine of the declination of 
the Sun and the product divided severally by the gnomon 
(of 12 angulas) and by the equinoctial midday shadow, 
the results are, respectively, R sine of the amplitude 
of the Sun or R sine of the agrd or agrajyd, and Rsine 
altitude of the Sun when on the prime vertical or sama- 
sanhu. The square root of the sum of the squares of the 
R sine agra and samasanku is the hypotenuse or taddhrti. 
(6). (BG) 

15.8.1. TOWTJTOT 

chM^td%flVK II ^3 II 

(Lalla, SiDhVr, 4.23) 

Hour angle 

That part of the sky which is to the east (of the 
observer's meridian) is the eastern hemisphere and the 
part to the west is the western hemisphere. So the 
wise say. 



i For details see PS : TSK, 4. 23-25. 
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When the Sun is in the eastern hemisphere, the time 
passed since its rising is called unnatakdla^ and the time 
to pass (till it reaches the meridian) is called the natakala 
or hour angle. 

(When the Sun is) in the western hemisphere, the 
time to pass before it sets) is called unnatakala, and 
the time passed (since it crossed the meridian) is called 
the natakala or hour angle. (23). (BC) 

15.8.2. d*Wh«K<HH ^f^ldld 

feWTT JWT^T^RTT II ^ II 

fnruft^fif <re*T II ^ II 

(Lalla, SiDhV r ., 4. 23-25) 

Shadow at any time 

When the Sun is in the northern hemisphere, sub- 
tract the local ascensional difference from the time 
elapsed since sunrise or to elapse till the Sun sets, and 
add when the Sun is in the southern hemisphere. Find 
the R sine (of the result). Multiply it by the radius of 
the day-circle of the Sun and divide by the radius. 
The result increased or decreased by the earth-sine, 
(according as the Sun is in the northern or southern 
hemisphere),, is the divisor or cheda at the given time 
or istaccheda. From this, one can find R sine altitude, 
shadow and the hypotenuse at any time, by the method 
given above. 

The drgjya or R sine zenith distance (at any time) is 
the square root of the difference of the squares of the 
radius and the R sine altitude. (24-25). (BG) 

15.9.1. HH<M*^ I ^M^iUl 
<^W^HH+uld4UdV 

(Lalla, SiDhVf., 4. 20) 

R sine of the midday altitude 

Cheda multiplied severally by R sine of the co- 
altitude, 12, R sine of Sun's altitude when it is on the 
prime vertical, and by R sine of declination, and 
divided respectively by the radius, the hypotenuse of 
of the equinoctial midday shadow, taddkrti and by 
R sine of the Sun's amplitude, gives, in each case, 
R sine of the Sun's midday altitude. (20) . (BG) 



15.10.1. feni<w<^w i i*T^ft^4i^ ^T^q^pn^ i 

(Bhaskara I, MBk., 8. 5) 

Mean Son from midday shadow 

Subtract the longitude of the Sun's apogee from the 
Sun's true longitude derived from the midday shadow 
(of the gnomon) and (then treating the remainder as 
the Sun's mean anomaly) calculate the Sun's equation 
of the centre. Apply that (equation of the centre) to 
the Sun's true longitude, contrarily to the usual law, for 
its subtraction and addition. (Treating this result as 
the mean longitude of the Sun, calculate the Sun's 
equation of the centre afresh and apply that to the Sun's 
true longitude as before.) Repeat the process again 
and again (until two successive results agree up to 
minutes). Thus is obtained the mean longitude of 
the Sun. (5). (KSS) 

15. 11. 1. *P£T^- ^3": «^Pb<«i W^T#^ *TT 5TST 

fcwsr^i u imlfefe ^tsft^t 

WlPvMPdd ^l-^I^MI^ ^TW II ^ II 

(Lalla, SiDhVr., 4. 37-38) 

True Sun from midday shadow 

When the Sun is on the meridian, assume the shadow 
of the gnomon at that time as the equinoctial midday 
shadow. Hence, find the latitude by the method given 
above. The difference between this latitude and the 
actual latitude of the place is the declination of the Sun. 
Their sum, however, would be the declination, if the 
shadow is to the south of the gnomon. The R sine of 
90° multiplied by R sine of the declination and divided 
by R sine of the maximum declination, gives R sine of 
the longitude of the Sun. The corresponding arc is the 
longitude of the Sun. 

Note that if it is in the first quadrant, that is, in the 
first quarter of the year, it is the longitude ; if the arc is 
in the second quadrant, the remainder after subtracting 
it from six Signs, is the longitude ; if in the third quadrant, 
6 Signs should be added to it and the sum would be the 
longitude ; and, if in the fourth, the remainder, after 
subtracting it from 12 Signs, is the longitude of the Sun. 
(37-38). (BG) 
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15.11.2. q^u^*umifrld l 

*M*Tl«ll ufa$yd Tf%: II V<| || 
^>r##Nt *M«i u Hiftidi <riH*fl°*jI ftr*nrar- 

o 

TO^NlEH^dqd i ^ i WuMgH l g : I 

(Lalia, SiDhVf., 4. 41-42) 

The radius multiplied by 12 and by R sine of the 
latitude (of the observer's station) and divided by the 
hypotenuse of the shadow when the Sun is on the prime 
vertical, and also by R sine of 24°, gives R sine of the 
longitude of the Sun. The corresponding arc is its 
longitude. (41) 

Multiply R sine of the Sun's declination by the 
hypotenuse of the shadow at any time and divide by 
R sine of the colatitude (of the observer's station). 
This quotient increased or diminished by the equinoc- 
tial midday shadow, according as the Sun is in the 
southern or northern hemisphere, is called bdhuov bhuja. 
The square root of the difference of the squares of the 
shadow and the bhuja is called koti or perpendicular. 
This line is the east-west line in the circle, the 
centre of which is the point of intersection of the lines 
indicating the directions (in the plane of the dial), 
and the radius is the shadow (of the gnomon at the 
centre). (41-42). (BC). 

15.12.1. qw^ldltedl f^«H>q*rhl2>fd: 

*rer d<ii^i M^iH *t^iM i 

Wi iRT ft^W OTT II 3^ 1 1 

(Lala, SiDhVr., 4. 31-32) 

Time from Shadow 

Multiply the square of the radius by the hypotenuse 
of the equinoctial midday shadow and divide by the 
product of the hypotenuse of the shadow at the time 
required and the radius of the Sun's day-circle. Increase 
or diminish the quotient by R sine of the ascensional 
difference (according as the Sun is in the southern 



or northern hemisphere) . Find the corresponding arc. 
This arc, increased or diminished by the ascensional 
difference (according as the Sun is in the northern or 
southern hemisphere) is the number of asus in the day 
passed since sunrise, (if it is before midday), or that 
to pass till sunset (if it is after midday). (31) 

(If the above quotient is less than R sine of the 
ascensional difference) , and, so the latter cannot be sub- 
tracted, subtract the former from the latter. Find the 
arc of the remainder and subtract it from the ascen- 
sional difference. The remainder is the day passed 
since sunrise, (if it is before midday), or that to pass 
till sunset, (if it is after midday). (32). (BG) 

15. 12. 2. w^kim^): frf^fow f^r : wfc; I 
yir^^d^Nl^rd^^WH<Hl^?Jcf ^TT FTTcf II 

^ftrrfwr^fM %3T f^a fea%s ^i^iwh i 

m <ft«ir*(IHlRw<H^r«lcll 

'f^w^r^jfwr' fa^n i 

r^^Pct^i: <HUH<I^ II ^ II 

(Deva, KR, 4. 11-13) 

Find the square root of the sum of the squares of the 
midday shadow and the gnomon. Multiply that 
(square root) by 300 and divide by the square root of 
the sum of the squares of the gnomon and the given 
shadow: the result is the so-called 1 R sine '. (11) 

From this R sine subtract as many tabular R sine- 
differenees as possible and for each R sine-difference 
subtracted, take 10° and sum them up. The ultimate 
residue should be multiplied by 10 and divided by the 
current R sine-difference. The resulting degrees should 
also be added to the previous sum. The sum (thus 
obtained) gives (the degrees in) the arc (corresponding 
to the e R sine '). (12) 

That arc multiplied by (the vinddis in) half a day of 
the Sun or the Moon (as the case may be) and divided 
by 5400 and also by 60, gives the nddis elapsed (in the 
forenoon) or the same nddis subtracted from the nddis 
in a day, give the nddis to elapse in the afternoon. 1 
(13). (KSS) 



1 That is, the desired time in nddis 



arc 



[V( midday shadow) a 4- (gnomon) 8 X 3UU l 
V { (give n shadow) 2 ■+• (gnomo n) } J 



semi-dura- 
X tion of day 
in vinddis 



5400 X 60 

This rule is just the reverse of the rule stated below i n verses, 8-9, 
and can be easily deduced therefrom. 
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15.13.1. q^jft l d^EHI^ : d^Pm^d^ *HH l Pd I 
Tlwf i*l^ftHI«^WI*(d^|4^*l(M II II 

feOT'f ^l^f^id ^ETf^ft ^I^^^Kp^dNIH I 
W^TT OTTT <+H M II £ II 

(Deva, 4. 8-9) 

Shadow from time 

Multiply the given vinddis (elapsed since sunrise in 
the forenoon or to elapse before sunset in the afternoon) 
by 6, and divide by the vinddts in a day (i.e., by 1800); 
the result is the Signs corresponding to time elapsed 
since sunrise in the forenoon or to elapse before sunset 
in the afternoon (i.e., unnatakdla). Find the R sine of 
these signs (and set it down at some place to be used 
later). Now, find the square root of the sum of the 
squares of the gnomon and (the vyangulas of) the midday 
shadow. Multiply this (square root) by 300 and 
divide by the R sine (kept at the other place, and 
dimmish the square of the result by the square of the 
gnomon. The square root thereof divided by 
60, gives the shadow (in terms of angulas) in the 
eastern or western hemisphere (as the case may be). 1 
(8-9). (KSS) 

15. 14. 1. ttWIiiycrfM <^Af)4d 

HIKtK M<rWlfa^|: I 

^TT cTfTEr: +«t^Tfc»MH*^l II H II 

(LalJa, SiDhVr., 4. 39) 

Declination from shadow 

Find the distance between the extremity of the shadow 
at any time and the east-west line. Subtract it from 
the equinoctial midday shadow when the Sun is in" the 
northern hemisphere and add when it is in the southern 
hemisphere. The result multiplied by R sine of 
the colatitude (of the observer's station) and divided 
by the hypotenuse of the shadow, gives R sine of the 
declination of the Sun. (39) . (BG) 

U»Wldl WH*{ *v«nn OTTT ^ 

15.15.1. STCSrfsT: ^tti^uu^H^ci '^gdWIH' I 

3N<i^j -M"+iyk fasffM wf£ wfa" w^pt im 1 1 
orf w$ fwr: snw^nrT ^ftfwr^ wot; i 
«h*U& : \«q i H<i^4Wteqd«frH i q t ' n n 

(Varaha, PS, 2. 11-13) 
1 For the rationale, see KR\ KSS, pp. 68-69. 



Lagna from Shadow and vice versa 

Add 12 to the shadow (of the twelve-digit gnomon, 
measured in digits) at any time cf the day, and deduct 
from it the midday shadow for the day. Divide 36 by 
this and take the result. This result taken as rdsis, plus 
the Sun in rds'is is the lagna at the moment, if it is fore- 
noon. If afternoon, deduct this from the Sun plus 
six rdsis and the lagna is obtained. 

The formulae, (a) for the forenoon and (b) afternoon, 
respectively, can be expressed thus: (a) Lagna=Sun + 
36/ (12 shadow — noon shadow): (b) Lagna=Sun+6 — 
36/ (12 shadow — noon shadow). (11) 

Deduct the Sun from the lagna and convert the 
remainder into minutes of arc, if forenoon. If after- 
noon, deduct the minutes from a half circle, i.e., from 
10800 minutes and take these as minutes. Divide 
64800 by the minutes so obtained. Add the result to the 
noon shadow of date, and deduct 12 from this. This 
is the shadow at the time of the given lagna. This is, 
according to the brief Vdsistha Siddhdnta. (12-13). (TSK) 

15. 16. 1. 'sRJsf' 'oq+GUki' 'filRsW^H' ^lcWMtM I 
^<^fe^d^d itorfr g^TTfe -fic^d: II \ It 

jO'^V 11 MH|HHI*HH+M: II vs II 
(Deva,' AH, 4. 6-7) 

Time from lagna 

First write down the numbers 278, 299, and 323 in 
serial order and then the same number in the reverse 
order: (the six numbers thus written down denote the 
right ascensions, in terms of vinddis, of the six Signs 
beginning w r ith Aries. The same numbers in the reverse 
order are the right ascensions, in terms of vinddts , of the 
six Signs beginning with Libra). Now diminish the 
numbers 278, 299, 323 by the ascensional difference?, 
in terms of vinddis, of the Signs, Aries, Taurus and 
Gemini respectively, and write them down in the serial 
order; then increase the same numbers by the ascensional 
differences, in terms of vinddts, of the signs, Aries, Taurus 
and Gemini, and write them down in the reverse order. 
The six numbers thus written down are the oblique 
ascensions, in terms of vinddis, of the six Signs beginning 
with Aries; and the same six numbers in the reverse 
order are the oblique ascensions, in terms of vinddis, of 
the six Signs beginning with Libra. (6) 

Multiply the minutes to be traversed of the Sign occu- 
pied by the Sun or the Moon by the oblique ascension 
of that Sign and divide by 1800. Add the resulting^ 
(asus) to the (asus of the) oblique ascensions of the (suc- 
ceeding) Signs which have risen prior to the rising 
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point of ecliptic (lagna). This is how time is obtained 
from (the longitude of) the lagna. 1 (7). (KSS) 

15.17.1. <fa¥lftlHU , H c klp!'l L dl fa*fM|STOIT I 

<lRl+^ir^^*yid #fcdpHI^Hl«lld ^1 

(Deva, KR, 4. 14-15) 

Lagna from time 

To find the longitude of the rising point of the ecliptic 
(proceed as follows) : Multiply the untr a versed portion 
of the Sign occupied by the Sun or the Moon by that 
Sign's own time for rising (at the local place) and divide 
by the number of minutes in a Sign (i.e., by 1800) ; then 
subtract the resulting (vinddis) from the given time, in 
terms of vinddis; then having completed the current 
sign, subtract from the residue (of the vinddis) the times 
of rising of as many succeeding Signs (or part of a Sign) 
as possible and add those Signs (and part of a Sign, if 
any) (to the completed Signs). Whatever is thus ob- 
tained is the longitude of the rising point of the ecliptic 
(called lagna). (14-15). (KSS) 



15. 18. L 



STFSqwfcpTC MeT^T: II 3* II 

(Lalla, SiDkVr., 4. 34-35) 



R sine altitude in an intermediate direction 

When the Sun is in the southern hemispheie and on a 
konavrtta or a vertical circle in an intermediate direc- 
tion, add its R sine amplitude or agrajya to the assumed 
length of the sankutala or the base of the altitude. 
Square the result, doixble it and subtract from the square 
of the radius. The square root of the remainder is the 
R sine altitude at that time or konasanku. Multiply 
it by the equinoctial midday shadow (at the observer's 
station) and divide by 12. The result is a more correct 
(base). Add it to the R sine amplitude or agrajya, and 
repeat the process till the R sine amplitude is fixed. 
When the Sun is in the northern hemisphere, R sine 



1 There are 21600 asm, 3600 vinddis and 60 nddts in a sidereal day, 
so that the asus divided by 6 give the vinddis and the vinddis divided 
by 60 give the nddis . For the Tables, see KR: KSS, pp. 67-68. 



amplitude should be diminished by the assumed 
(base). This is the rule. 1 (34-35). (BC) 

15.19.1. SRT ST^T 3>]£dM+ M<HI<*HI 
fkW3 cP?Hf I 

(Lalla, SiDhVr., 4.36) 

Shadow of R sine altitude in an intermediate 
direction 

When the Sun's declination is to the north and is less 
than the latitude (of the observer's station), the Sun 
enters the prime vertical. From the then R sine altitude 
and from the R sine altitude when the Sun is on the 
konavrtta or a vertical circle in an intermediate direction, 
the shadows and their hypotenuses can be calculated. 2 
(36). (BC) 

15. 20. 1. U I4^<H44+K^ TOT# 

(Lalla, SiDhVr^ 4. 40) 

True Sun from shadow in intermediate direction 

Find the shadow from R sine of the altitude when 
the Sun is on the north-east or north-west vertical 
circle (konasanku), square it and halve the result. Find 
its square root. If the sankutala or the base is to the 
north, add the result to the equinoctial midday shadow 
(at the observer's station) and subtract, if it is to the 
south . The result multiplied by R sine of the colatitude 
(of the observers 's station), and divided by the hypo- 
tenuse of the shadow gives R sine of the Sun's decli- 
nation. This, multiplied by the radius and divided 
by R sine of 24°, gives R sine of the Sun's longi- 
tude. 3 (40). (BG) 

15.21.1. a dfc^l ^ ^frui *rer rem 1 



3TOT 



«^Tm<^sMH<iVi II H II 



1 For demonstration, see iiDhVf: BC, II. pp. 87-91 . 

a For explanation and rationale, see SiDhVr.: BC, II, pp. 90-91. 

» For a demonstration, see StDhVf.'. BC, II. 94-96. 
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cf^TT fad^N I ^fWT fa^)fadl^<Hl5<J I 
arWrSH" ^ ^ffaT N^fldl^H +d^l II II 

dc*fdr«MI*dHi '^^^nd^41dW I 

(Varahai PS, 4. 38-44) 

Practical work on shadow diagrams 

On a circle with the east-west line drawn, and the 
directions marked, (according to PS 4. 19), the time 
when the gnomonic shadow perfectly coincides with the 
east-west line, is the time of the Sun crossing the prime 
vertical. (38) 

Agra 

Multiply the Sun's declination by the radius and 
divide by the sine of co-latitude, and find the sine (of 
the amplitude of the rising or setting point, called agra). 
At a point distant by this amount from the west-east 
line, according to the decimation north or south, the 
Sun rises or sets. (39) 

Latitude from agra 

Multiply the sine declination by 120 and divide by the 
sine of amplitude. The sine of co^latitude is obtained. 
Find its arc in degrees. Deduct the degrees from 90. 
The remainder is the degrees of latitude. (40) 

Shadow at desired time 

To find the gnomonic shadow caused by the Sun at 
any time: Take the car a in vinddis and divide by 20. 
Degrees of half-ctfra are obtained. Place the degrees 
in two places. Convert the time from sunrise in 
nadis, into degrees by multiplying by 6. From these 
degrees, deduct or add the half-rara degrees, according 
as the Sun is in the six Signs beginning with Mesa, or 
in the six Signs beginning with Tula, respectively. (41) 

Find the sine of the resulting degrees and add to or 
subtract this from the sine of the half-cara kept apart in 
the second place, according as the Sun is in the 6 Signs 
Mesa etc., or in the six Signs Tula etc. The result is a 
sine. If the half-omz degrees cannot be deducted from 
the time converted into degrees, then simply find 



the sine of the degrees of sine, and take it for further 
work. (42) 

Multiply this sine by the sine of co-latitude and the 
day-diameter, and divide by 28,800. The result is 
sine altitude of the Sun. (43) 

Square this and deduct from 14,400. Take its square 
root, multiply this by twelve, and divide by sine altitude. 
The result is the length of the shadow of the twelve 
digit gnomon. 1 (44). (TSK) 

15. 21. 2. ^^N^WftT «MRl4*Kd* fapHT I 

<mftr zrar ck^fmt <5 <m\ w <i 3 1 1 

n <\v ii 



dK¥H|f«ldl J^TT ?blPd^l^ WnTT^T II <W It 
33<T towmw: HI*jWp?H+: sffacT: II <\% II 

^ff ^rfe: sr^njsft ^^rt 5^t: ii ^ m 

f^T ^TS^TT HH^I^ q^TT II H II 

^m-^wiwjwi ^ki ^ ^^nrr ^tt i 

M^d^ l dl ^T^^fmT |>T] M«h**WI I Ro|| 
g^cft fa*m: M^'tel^l II 

$M4HfacK^ fr: «HH*jKft: q^T^RT ll^ll 
^qfir: Wi$^dl ifiwfuidl "HWT: II 

^nr^wJTT m^^Tmi^ wnrr ii ^ u 



3T^rt ^^<|^ispj»ffiT ^i^kst ^trt ii ^ n 
qr^TJi- ^f^^rfrf^rm T^T^Fn II R% II 



i For elucidation, see PS: TSK, 4.41-44. 
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^Mfe^4^fa4 [t]yr err H^hwi i n ^ ii 

I^fd^Pldl 4lg*d4^ few ^RrTT] II ^ II 

d«*S>£$VW4TlM< M<HW^HI4ri II ^ II 
^^ft^ l ^<^dR^^l^d : ftwf *K] I 

'W'^^^HIl: 'VK^HHMl'qfOTTOT II ^ II 

(VateSvaraj VSL, 3.1. 12-36) 

Determination of Equinoctial midday shadow 

AtoAoi 1 

One should build an earthen platform which should 
be large, circular, as high as one's shoulders, with surface 
levelled with water, with circumference graduated with 
Signs and degrees, and with well-ascertained cardinal 
points. (12) 

Let a person, standing on the western side of that 
(platform) observe the rising Sun through the centre 
of the circle. Then the R sine of the degrees of that 
point of the circle where he sees the rising Sun is the 
Sun's agrd. (13) 

The (Sun's) agrd multiplied by 12 and divided by 
the R sine of the (Sun's) declination is the hypo- 
tenuse of the equinoctial midday shadow (palasravana 
or palakarna). By the difference between the hypo- 
tenuse of the equinoctial midday shadow and the 
gnomon multiply their sum and take the square root 
(of the product); the result is the equinoctial mid- 
day shadow (aksabhd or palabhd). (14) 

Method 2 

The square root of the difference between the squares 
of the R sine of the (Sun's) declination and the agrd is 
the earthsine (kujyd), which lies in the plane of the (Sun's) 
diurnal circle. The earthsine multiplied by 12 and 
divided by the R sine of the (Sun's) declination is also 
the equinoctial midday shadow (palabhd or palabhd) . (15) 



Method 3 

One should hold a yasti y equal to the radius of the 
celestial sphere, pointing towards the Sun in such a 
way that it may not cast any shadow. Then, the 
perpendicular (dropped on the ground from the upper 
extremity of the yasii), which is called 'Upright', is the 
sahku (or R sine of the Sun 's altitude) . (16) 

The distance between (the foot of) that (sanku) and 
the east-west line is (called) the bdhu or (base) . The 
shadow of that sanku-yasti is equal to the R sine of the 
(Sun's) zenith distance. The yasti is the hypotenuse. 
The bdhu for the middle of the day is equal to the R sine 
of the Sun's (meridian) zenith distance. (17) 

The sum or difference of the bdhu and the agrd, 
according as they are of unlike or like directions, is the 
sankutala. That sahkutala multiplied by 12 and divided 
by the upright (R sine of the Sun's altitude) gives the 
equinoctial midday shadow . (18) 

Method 4 

The equinoctial midday shadow (palabhd) is also 
equal to the R sine of the latitude multiplied by 12 and 
divided by the R sine of colatitude. (19) 

Method 5 

Multiply the Sun's agrd by the midday shadow and 
divide by the R sine of the Sun's own (i.e., meridian) 
zenith distance. The resulting quotient when added 
to or subtracted from the midday shadow, in the same 
Way as the agrd is added to or subtracted from the bdhu, 
also gives the equinoctial midday shadow. (20) 

Method 6 

Find the difference or sum of the two given bhujds 
(of shadow) according as they are of like or unlike 
directions. Multiply (the difference or sum thus 
obtained) by 12 and divide by the difference between 
the R sine of the Sun's altitude corresponding to the 
two bhujds: the result is the ahgulas of the equinoctial 
midday shadow (aksabhd or palabhd) . (21) 

Method 7 

Multiply each of the two given bhujds of shadow by the 
hypotenuse of shadow corresponding to the other bhujd, 
and divide (both the products) by the difference between 
the two hypotenuses of shadow. The difference or 
sum of the two results, according as they are of 
like or unlike directions, is the equinoctial midday 
shadow. (22) 

Method 8 

Or the agrd multiplied by 12 and divided by the R sine 
of the Sun's prime veritcal altitude, gives the equinoctial 
midday shadow. 
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Also, the taddhrti multiplied by 12 and divided by the 
R sine of the Sun's prime vertical altitude gives the 
hypotenuse of the equinoctial midday shadow. . (23) 

Method 9 

Or, the hypotenuse of the equinoctial midday shadow 
is equal to the radius multiplied by 12 and divided by 
the R sine of co-latitude ; and the equinoctial midday 
shadow is equal to the earth's sine multiplied by the 
hypotenuse of the prime vertical shadow and divided 
by the R sine of latitude. (24) 

The Sun's zenith distance for midday increased or 
diminished by the Sun's declination according as the 
Sun is in the six Signs beginning with the first point of 
Aries or in the six Signs beginning with the first point of 
Libra, gives the latitude. (But when at midday the 
Sun is to the north of the zenith) the Sun's declination 
diminished by its northern zenith distance gives the 
latitude. (25) 

Method 10 

One should observe the pole star towards the north 
along the hypotenuse of the triangle-instrument, assum- 
ing its base to be equal to the gnomon ; then the upright 
(of the triangle-instrument), which lies between the 
line of vision and the base, will be equal to the equinoc- 
tial midday shadow, (26) 

Method 11 

When a person, with one of his eyes raised up, observes 
towards the south the star Revatl as clinging to the tip a 
(vertical) gnomon, then the distance between the foot 
of the gnomon and the eye equals the equinoctial mid- 
day shadow. (27) 

Method 12 

The square root of the difference between the squares 
of the radius and the agrd, multiplied by 2, gives the 
length of the rising-setting line. The distance from 
the rising-setting line to the (upper extremity of the 
(great) gnomon is the svadhrti. (28) 

Method 13 

The distance between the foot of the (great) gnomon 
and the rising-setting line, multiplied by 12 and divided 
by the (great) gnomon (i.e., the R sine of the Sun's alti- 
tude) is also the equinoctial midday shadow. And 
the svadhrti multiplied by 12 and divided by the (great) 
gnomon, gives the hypotenuse of the equinoctial midday 
shadow. (29) 

Methods 14 and 15 

Or, the sahkutala multiplied by the given shadow of 
the gnomon and divided by the R sine of the Sun's 
zenith distance gives the equinoctial midday shadow; 



the same {sahkutala) multiplied by the hypotenuse of the 
given shadow and divided by the yasti (i.e., the radius) 
also gives the equinoctial midday shadow. (30) 

Method 16 

Multiply the agrd by the given shadow and divide 
by the Rsine of the Sun's zenith distance; (the result is 
the chdydkarnagri agrd). The difference or sum of that 
'result' (viz. the chdydkarnagri agrd) and the bhujd for 
the given shadow {istabhujd or chdydkarnagri bhujd), 
according as they are of like or unlike directions, is the 
equin octia 1 midday shadow. (3 1 ) 

Method 17 

The agrd multiplied by the hypotenuse of the shadow 
and divided by the radius gives the agrd for the sphere of 
radius equal to the hypotenuse of the shadow. Similarly, 
the bhujd multiplied by the hypotenuse of the shadow and 
divided by the radius gives another bhujd which cor- 
responds to the sphere of radius equal to the hypotenuse 
of shadow. From these {chdydkarnagri agrd and chdyd- 
karnagri bhujd) the equinoctial midday shadow is obtained 
as before. (See vs. 31). (32-33) 

Method 18 

The square root of the difference between the squares 
of the 'result' stated above (in vs. 31) (i.e., chdydkarnagri 
agrd) and the length of the shadow, gives (half the 
length of) the rising-setting line (in the shadow 
sphere). The distance between this rising-setting line 
and (the gnomon's position in) the circle forming the 
locus of the gnomon, is the equinoctial midday shadow 
in the shadow circle. (34) 

Method 19 

The result obtained by multiplying the distance (of 
the local place from the equator) along the meridian of 
UjjayinI by 5, or the distance of the local equatorial 
place or the equator from the local place, as multiplied 
by 5, when divided by 46, gives the degrees of the 
(local) latitude, and when divided by 5 x 40 gives the 
equinoctial midday shadow (at the local place, in 
terms or ahgulas) . x (35-36) . (KSS) 

15. 22. 1. rTcft ^ft sqwfeft fofcft 



x For elucidations and observations on these methods, see VSix 
KSS t Trans., pp. 276-92. 
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^ SRu^f ^T^pRf IIVYII 

(Lalla, SiDhVr., 4. 43-46) 

Path of the shadow 

From the two ends of the shadow drawn through the 
centre (and meeting the circle), two bhujds must be 
drawn in directions opposite to their own. Then the 
midday shadow should be laid from the point of 
intersection of the directions along the north-south line 
in a direction opposite to the midday bfiujd. The points 
of extremities of these three shadows should be marked, 
and hence get three intersecting arcs resembling two 
fish figures. Join the mouth and tail of each figure. With 
the point of intersection of the two lines thus formed, 
describe a circle passing through those three extremities. 
That is the path along which the extremity of the 
shadow moves. 

The locus of the foot of the sahku is a circle drawn in 
the same way but the bhuja and the midday shadow 
are fixed in a manner contrary to the above. (43-45) 

The extremity of the shadow of the gnomon placed 
at .the centre of the dial, that is, at the point where the 
lines of the directions meet, should not go beyond the 
above circle, (viz., the locus), while the shadow moves. 

The gnomon moves in such a manner that while 
moving the extremity of its shadow always passes through 
the point where the lines of the directions meet, 
(46). (BC) 

15. 23. 1. ( < l fiM l) ^IM^>^l*fdftiWN4Jv|ftwKld; I 

^m^di^nm' fopf <im^wRhi«: ii ^ ii 

M<dW ^ ^RT: N^HIri g^lf II || 
fcSTTCFsfiw d^lHI^H cT^TM: II ^ II 



(Varaha, PS, 4. 29-33) 

Right ascensional difference and Lagna 

Right ascensional difference 

Square the sine of the longitude of a point on the 
ecliptic, and deduct from it the square of the sine of 
declination of the point. Find its root, multiply it by 
the diameter and divide by the the day-diameter. 
Find the arc of the resulting sine in degrees. Multiply 
the degrees by 10. The right ascension of the point is 
obtained in vinddis. Deducting the right ascension of the 
next rdsi from that of the previous one, the right ascen- 
sional differences of the rdiis are obtained. (29-30) 

Rising signs 

Take the difference of right ascension of three Signs 
at a time. From the first triplet subtract the difference 
of half-azra.y one by one, taken in the given oreder. Add 
the half-cam differences one by one taken in the reverse 
order to the second triplet. To the third triplet add 
the half-canz differences taken in the given order. From 
the fourth triplet subtract the half-c^ra differences one by 
one, in the reverse order. The vinddis of the rising Signs, 
called the ascensional differences, as seen from any 
place, are obtained. The seventh from the rising 
Signs sets during the same time as the Signs themselves 
rise. (31) 

Time to reach prime vertical 

When the Sun is within 6 Signs fiom Aries, i.e., when 
the Sun's declination is north, multiply the sine of the 
declination by 120' and divide by the sine of the latitude, 
(the place being presumed to be north of the equator 
also). The sine of the Sun's altitude at prime vertical, 
(sama-sanku), is obtained. Find its arc. Treat this arc 
as part of the ecliptic, and find its right ascension in 
vinddis. This is the time taken by the Sun to reach the 
prime vertical in the forenoon, after crossing the 
unmandala, and the time remaining to reach it after 
reaching the prime vertical, in the afternoon. The 
Sun does not touch the prime vertical when it is in the 
six Signs beginning from Libra, i.e., when the declination 
is south (as seen from places in the northern hemis- 
phere). 1 (32-33). (TSK) 

15.23.2. f^ftsrfrnrH i^M=i sr^r 

STpT Wft*dfaN$ ^H^+lPH II ^ II 

(Lalla, SiDhVr., 4. 7) 

1 For elucidation, see PSiTSK, 4. 32-33. 



193 



15. GNOMONIG SHADOW 



15. 23. 6 



Ascensional differences 

Taking the Sun's longitude as 1, 2 and 3 Signs, (that 
is, assuming it at the end of Aries or Taurus or Gemini), 
calculate the three corresponding ascensional differ- 
ences (at the observer's station). The first, the 
difference between the first two, and the difference 
between the third and second, are, respectively, the 
ascensional differences corresponding to the first, second 
and third Signs at the observer's station. (7). (BG) 

15.23.3. im*T *fT: «£«PRft ftPTTOT *fterf 

Frsiwrr ^ynTN f^flwrfr 

. oi^i^i ft^^ufrgtd^tdi: 

(Lalla, SiDhVr., 4. 8-9) 

Times of the R sine of the Signs at Lanka 

Multiply the R sine of 30°, 60° and 90° by the R sine of 
66° and divide each product by the corresponding 
radius of the day-circle. Find the arcs corresponding to 
the three quotients as R sines. The first quotient 
gives, in asus, the time of the rising of Aries in Lanka ; 
the second diminished by the first gives that of Taurus; 
and the third diminished by the second that of Gemini. 
So say the wise. (8) 

These three times, are, respectively, 1670, 1795 and 
1935 asus. When these are diminished, respectively, 
by the three corresponding ascensional differences at the 
observer's station, the remainders are the times of 
rising of the first three Signs of the zodiac at the same 
place. 

When the ascensional differences at the observer's 
station are written in the reverse order and are added 
to the three times (at Lanka), also written in the reverse 
order, the results are the times of rising of the next 
three Signs at the same place. 

These six written in the reverse order are the times 
of rising of the last six Signs. (9). (BG.) 

15. 23. 4. vK'MM: Mftftld^W *TT ^TT- 

warn t^tft ii v ii 

* (Lalla, SiDhVr.yl. 10) 



Rising point of the ecliptic 

Whatever portion of a Sign of the zodiac has arisen 
in the east above the horizon, the same portion of the 
Sign (seventh from it), has set in the west. 

When the orient ecliptic point or lagna for any time in 
the day is calculated, the true longitude of the Sun at 
that time is considered. But when the orient ecliptic 
point at any time in the night is calculated, the true 
longitude of the Sun is increased by 6 Signs . (10). (BG) 

15.23.5. ?ffcTR ^fa> W WFTFT 

TT^ftT^^cfTW^g^ I 

WTT^ ^ ^JteEHH^H II <R II 

(Lalla, &DWr.,4. 11-12) 

Rising point of the ecliptic at any time 

Multiply the remaining degrees etc. of the Sign of the 
zodiac in which the Sun is located by the time of rising 
(in asus) of that Sign and divide by 30. Subtract the 
quotient in asus from the given time, also in asus. Add 
the remaining degrees etc. of the sign to the longitude of 
the Sun. (Call the result i) . 

From the remaining asus subtract as many times of 
rising (asus) of the Signs as possible (beginning with the 
one next to the Sun), and add the same number of 
signs to i. (Gall the sum ii). 

Multiply the remaining time (in asus) by 30 and divide 
by the time of rising (in asus) of the Sign next to the one 
subtracted. Add the quotient in degrees etc. to ii. 

The final result gives thus the longitude of the orient 
ecliptic point or rising ecliptic point. (1 1-12) . (BC) 

15.23.6. ^^IU^rHctH^ir4^H*l l g- 

#^ft^%ry|dlWHH«W^HIi: I 

drHW l k^d l: fr^TRT It ^ II 
^H^^dUM^IcHd^d+MM 

fa^mia a^i^i^ifHdls^: I 
<?T*T d^fa4<Ul£dk4ld^FT 

r^vn4Md l d W ^^*»d*=T l: II W II 

(Lalla, SiDhVr., 4. 13-14) 
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Time elapsed from Sunrise 

When .180° is added to the longitude of the orient 
ecliptic point, the result is the longitude of the setting 
point of the ecliptic or asta-lagna. So they say. 

Multiply the number of degrees etc. passed by the 
orient ecliptic point in the Sign of the zodiac by the loca l 
time of rising (in asus) of the Sign and divide by 30. The 
quotient is the time in asus. Then, find out (as before) 
the time of rising of the remaining portion of the Sign in 
which the Sun is. Add both these times, and to this sum 
add the local times of rising (in asus) of all the Signs inter- 
vening between the orient ecliptic point and the Sun. 
The sum is the required time (in asus, calculated) from 
the given orient ecliptic point. (13) 

If the given time (when the longitude of the orient 
ecliptic point is required) is less than the time of rising 
of the remaining portion of the Sign of the zodiac in 
which the Sun is located as calculated above, multiply 
the given time by 30 and divide by the time of rising of 
this Sign. When the quotient in degrees etc. is added 
to the true longitude of the Sun, the result is the longi- 
tude of the orient ecliptic point. 

If the Sun and the orient ecliptic point are in the same 
Sign of the zodiac, multiply the difference in their 
longitudes- by the time of rising of this Sign and divide 
by 30. The quotient gives the required time (in 
asus). 1 (14). (BC)- \ 



15. 23. 7. 



d^lM^ I ^'^l^«sl^rc<H i r^ c M : *WT: ll^ll 
ft: f^TT ^rfcT *wfa^l*fa^dl^?T*J II ^ II 
(Varaha, PS, 4. 26-28) 

Cara. 

Multiply the sine of latitude by 240' and by the sine 
of declination. Divide by the sine of colatitude and by 
the day-diameter. Find the arc of the sine obtained 
in minutes, (this arc is called half-^ara), and divide by 3. 
The result are the accurate minutes of cara, (which might 
be called as ('day-difference 5 .) From the cara we can 
obtain the cara intervals (or cara-diflferences) . (26) 

Latitude from Cara 

Divide the vinadis of cara by twenty and find the sine of 
the resulting degrees. Multiply the day-diameter by 



this, and divide by 240. Put the result in two places. 
In one place, square it and add the square of the sine of 
declination and find its root. Multiply the result kept 
in the other place by the radius, and divide by this root, 
The quotient is the sine of latitude. Its arc is the 
latitude. 90° minus latitude is the colatitude, and its 
sine, sine colatitude. (27-28). (TSK) 



15. 23. 8. 



1 For exposition and rationale, see $iDhVr:BC t II, pp. 66-72. 



^U^fadlfe+Hlfd- 

<MMfclld '<sl<sK*llfHVi«g<t><ii: I 

£H^rl <^n#5^RTT ^T^T II H M 

(Deva, KR, 1.39) 



Cara-correction 

Multiply the Sun's ascensional difference in terms of 
vinadis by the (planet's) motion in terms of minutes and 
divide the product by 3600. The resulting minutes 
should be subtracted from the planet's longitude for 
sunrise or added to the planet's longitude for sunset when 
the Sun is in the northern hemisphere, and vice versa 
when the Sun is in the southern hemisphere. (39). 
(KSS) 

15.23.9. rrsf^r < | fi ^RT 3T 

Wfr cfRTt ^l^dltd II V* M 

i*Nlfe*Hl^mi4: II W II 

^ktlPHH^'ftcTT 3T^# I 
^'cW4fW fa^H^dl: II X* II 

TTftr: TOT 

dc^imtfl s^r mvfa frr ii u ii 

to ^rr ^rPrr <i*mHw i 
gwr«ff ^l<i u ii 

'(Rhaskara II, Si$i., 1.2. 54-56, 58-60) 
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Rising at Lanka 

The R sines of 30°, 60° and 90°, being squared and 
decreased by the squares of their respective declinations, 
the square root of the differences being taken, and the 
result being multiplied by the radius (3438) is to be 
divided by the respective R cosines of the declina- 
tion. (54). 

The first of the three results, the difference of the 
second and the first, and the difference of the third and 
the second, will give us the rising times of what are called 
the sdyana-rdsis of Mesa, Vrsabha and Mithuna; their 
reverses will then give the rising times of the next three; 
then the original ones, those of the next three; and again 
their reverses, those of the last three. (55) 

Magnitudes of the rising times 

Those rising times are 1670, 1793, 1937; these in the 
same and reverse orders diminished or increased by their 



respective cam segments which are also in the same and 
reverse orders give the rising times of the sdyana-rdsis 
beginning from Mesa for the locality. The ras'is from 
Tula are in a reverse direction, i.e. as the Mesa is projec- 
ting upwards above the horizon, Tula will be projecting 
below* the horizon, so that, the time taken by Mesa to 
rise is exactly the time taken by Tula to set. (58-59) 

Computations of lagna, udaydntara and the like from 
the rising times of big arcs of the ecliptic like rdiis will be 
approximate, whereas one desirous of greater approxi- 
mation has to deternune the same from the rising times 
of smaller arcs like herds and drkkdnas, so as to be more 
correct. 1 (60). (AS) 



1 For commentary and rationale, see SiSix AS, pp. 186-203. 
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3T^rf^ ^srt ^HM<{tePT: II K II 
Fm?Hl<y qfe *TPTT 3pft fs#t 4<1HHI <*MI£H I 

in mftnr ^^a^^^f^f^^f^^rrf^i 

r^f fwt 3T% «^< | fcH^ %^mcf <WHH TMT tl 

grf^T: g%?r ftfc ^Klfclld 
w^WUh arasTcr II c II 

zf t w?H^*Wi:>fawKi^<: I 
3T^r^nr^i%^T ?r ^hhmh i \\t 1 1 

(£F, 5.40. 5-9) 

Cause stated in the IJgveda 

O Sun, when the demon Svarbhanu overspread you 
with darkness, all the worlds stood as if not knowing 
where they were. (5) 

O Indra, you destroy the illusions of Svarbhanu which 
exist under the sky. Sage Atri got back the Sun who 
was hidden by darkness, by means of the fourth brahma 
incantation. (6) 

O sage Atri, may that malicious demon, desirous of 
food, not devour me with that dreadful darkness. You 
are a friend and truth is your wealth. May you and 
god Varuna protect me. (7) 

The sage Atri set the press-stone, propitiated the gods 
with prayers and salutations and dispelled Svarbhanu 
and set his eye on Sun's light. (8) 

Atri and his descendents alone could restore the Sun 
when the demon had overspread (the Sun) with dark- 
ness. None besides them had the power to do so. (9) 

16. i. 2. *3?rf^tf 3rnjT srrfer awsnflrsrq 1 # ^tt*t 
o^M hh i n 3i£wmai«M i aifenUH d^m^nd i 

Hlfridl TTT ^TRnR^fTcT *TT 4l<MI4Tld II 

{TdndyajPahcaviinsa Brdkmana, 6.6.8) 

The Demoniac Svarbhanu struck the Sun with 
darkness ; the gods did not discern it (the Sun, hidden as 
it was by darkness) : they resorted to Atri; Atri repelled 



its darkness by the bh&sa. The part of the darkness he 
first repelled became a black sheep, what (he repelled) 
the second time (became) a silvery (sheep), what (he 
repelled) the third time (became) a reddish one, and 
with what (arrow) he set free its original appearance 
(colour), that was a white sheep. 1 (W. Caland). 

16. 2. I. Wftfl qim*Wl%Mft«kn«3 : I 

MHiWd: MiH l £r<MH)H ^WTd II * It 

f^^^ ^< | c|<u | c|if |i r^ij | ^ U ^ II 

^:j#^^pW^rfelfe It To || 

tffit^iqdlW <|fce4MIK ^l^b<^^m It <n tl 

^4al^i^rt^iR^iun <r«t^«i(d n <n n 

=3" ^r#S^rqt ^ f^R^f^K f^rfwf^: tl ^ II 

(Varaha, Br, Sam., 5.8-17) 

Cause of the Lunar eclipse 

At a lunar eclipse the Moon enters the shadow of the 
Earth, and at a solar eclipse, she enters the Sun's disc. 
That is the reason why the lunar eclipse does not begin 
at the western limb, nor the solar one at the eastern 
limb. (8) 

Just as the shadow of a tree goes on increasing on one 
side as a result of the Sun's movement, even so is the case 
with the shadow of the Earth every night by its hiding 
the Sun during its revolution. (9) 

In her course towards the east, if the Moon tenanting 
the seventh house from the Sun, does not swerve much 
either to the north or the south (when her declination 
is very. little), she enters the Earth's shadow. (10) 



1 The interesting feature of the above passage is the detailed 
observation of the change of colour in the Sun's disc during the 
progress of an eclipse. 
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The Moon situated below and moving from the west, 
obstructs the solar disc like a cloud. The solar eclipse, 
therefore, is different in different countries according to 
the visibility of the eclipsed disc. (11) 

When the lunar eclipse takes place, the obstructing 
agency is very large, whereas in the solar eclipse it is 
small. Hence in semi-lunar and semi-solar eclipses, the lu- 
minous horns become blunt and sharp, respectively. (12) 

In this manner the ancient seers endowed with divine 
insight have explained the causes of eclipses. Hence the 
scientific fact is that Rdhu is not at all the cause of 
eclipses. (13) 

An eclipse can by no means be ascertained through 
omens and other indications. For, the portents such as the 
fall of meteors and earth tremors occur at other times 
as well. (16) 

Scholars should not believe the traditional statement 
to the effect that an eclipse cannot take place except 
when there is a combination of five planets in the same 
zodiacal Sign, and that a week before the eclipse, i.e. 
on the previous 8th lunar day, its characteristics can be 
inferred from the behaviour or appearance of a drop of 
oil poured on the surface of water. (17). (M.R. Bhat) 

ml 

16.3.1. ^rraffr <re *f^ih ^i^hiIh r«MHd: i 

ftw^ft ^-s^t-q^il: ^rrsfrf^g ^d,*Wd\ II 1 II 

faH>^iNrrf<t>frMMi fa^ l k i ) ^HfafkH I: II 3 II 
^^^^m^MI ^nftafTT I 

^g^H^i^H^di^c<uii^i<^ ii y n 

faftm d^Ri^HM <J#3fqT || X If 

MWnt fl^f pM^HIlfa+Hi II \ II 
TTWfcfa: ^ldlH^NIf4|rd+ir^+1 i 

g^4l«jki^«3 ^^mTf¥^nft it ^3 n 
^rf^rt srtarr eft Hidwi^(fa c bh^i«n' n * it 

(Sw&\, 4.1-11) 

Lunar eclipse: Principle of computation 

The diameter of the Sun's disc is six thousand five 
hundred yojanas; of the Moon's, four hundred and 
eighty. (1) 



These diameters, each multiplied by the true motion, 
and divided by the mean motion of its own planet, give 
the corrected (sphufa) diameters. If that of the Sun be 
multiplied by the number of the Sun's revolutions in an 
Age, and divided by that of the Moon's, (2) 

Or if it be multiplied by the Moon's orbit (kaksd), 
and divided by the Sun's orbit, the result will be its 
diameter upon the Moon's orbit: all these, divided by 
fifteen, give the measures of the diameters in minutes. (3) 

Multiply the Earth's diameter by the true daily motion 
of the Moon, and divide by her mean motion: the result 
is the Earth's corrected diameter (siici). The difference 
between the Earth's diameter and the corrected dia- 
meter of the Sun is to be multiplied by the Moon's mean 
diameter, and divided by the Sun's mean diameter: 
subtract the result from the Earth's corrected diameter 
(jua), and the remainder is the diameter of the shadow; 
which is reduced to minutes as before. (4-5) 

The Earth's shadow is distant half the Signs from the 
Sun: when the longitude of the Moon's node is the 
same w ith that of the shadow, or with that of the Sun, 
or when it is a few degrees greater or less, there will be 
an eclipse. (6) 

The longitudes of the Sun and the Moon, at the 
moment of the end of the day of new moon (Amdvdsya), 
are equal, in Signs, etc. : at the end of the day of full 
moon (Paurnamasi) they are equal in degrees, etc., at a 
distance of half the Signs. (7) 

When diminished or increased by the proper equation 
of motion for the time, past or to some, or opposition 
or conjunction, they are made to agree, to minutes : the 
place of the node at the same time is treated in the 
contrary manner . 1 (8) . 

16. 4. 1. jwifajtyHUiiW i*IUMI«5 qi^<fefe<Uld I 

TTft: *Wqd$fd«Mi ^iVld-^KII||;R|c|<il||: | 
Sftf OTtaTRf: HH<KIH^^ II R II 

mi 

fa£M+^i£»fd«fad^ ^NWrfenter i 

*t*t fz*m fofa^? f^r^r ^m: R^d*kfd mil 

1 For notes and comments, see Su. Si,: Burgess, pp. 143-45. 
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qfilfafa<nH<flHU ':. d^fHi: *Hilidi: *BWT: I 
^^■l> l PnH H^ i ^qife*K4H l: II !( II 

Tf^ ^ i ^^d1^>j^ ii ^ i ij i ^ q# ii V9 n 

'^W^'ft MH«HH ^PT "agi tl°MH II ^ II 
< c W+lM?fl ^ cJU|^^H|£R^ (Hd<H II £ II 

S3 -V 

(^ic^l^W-H:) RwiRl+^Mfl *fN": ill© ii 

(Varaha, PS, 6.1-10) 

Vasistha-Paulisa systems 

Sun and Moon of equal longitude 

Minutes of arc equal to the nadis of the full moon 
tithi, to go, after sunset, are to be added to the Sun, 
(which has been computed for sunset). Minutes of 
arc, equal to the nadis to go from the end of the full-moon 
or new-moon tithi in the day-time, upto sunset, are to be 
so added to the Sun. Thus coirected, the Sun becomes 
equal to the Moon in (degrees and) minutes at the end 
of the full or new moon tithi, (i.e., at full or new 
moon). (1) 

Possibility of a lunar eclipse 

Deduct one degree and thirtysix minutes from Rahu's 
Head or Tail, (whichever is near the Moon) and find 
the interval in degrees between that and the Moon (at 
full moon found above). If it is less than thirteen, a 
lunar eclipse will occur then. If it is less than fifteen, 
(and above thirteen) there will be a slight darkening, 
that is all. (2) 

Duration of the eclipse 

Square: the Moon's latitude, subtract it from the 
square of 55, (i.e. from 3025), and find its square root. 
Double this, and multiplying by 60, divide by the differ- 
ence of the daily motions of the Sun and Moon, in 
minutes. The approximate time of the duration of the 
eclipse is obtained in nadis. (3) . 

If Moon^Sun is less than 13°, multiply the degrees by 
5. The result is in vinadx s. , Add these vinddis to the 



duration if the longitude of Rahu is greater than that 
of the Moon, and subtract if the Moon is greater than 
Rahu. Thus the time of duration becomes correct. (4) 

Total obscuration 

Deduct the difference of the longitudes between the 
Moon and Rahu from five degrees. Deduct this from 
ten degrees, and multiply the remainder by this itself 
and by four. Find the square root of the result and 
multiply it by 21. The minutes of arc of total obscura- 
tion is obtained. This, divided by the daily motion, 
gives the time. (5) 

Direction of the eclipse 

During the interval from the time of first contact to 
the beginning of totality, Rahu, (i.e. darkness), swallows 
the Moon completely. The directions of the points of 
first and last contacts are to be calculated from the 
MoonWRahu of those times. (6) 

Divide the semi-orbit of the Moon situated opposite 
to the direction of latitude into 13 parts by straight lines 
parallel to the east-west diameter, at equal distances from 
one another. At the part of the rim equal to the degrees 
of Moon^Rahu, on the eastern or western part of the 
orbit, are the points of first and last contacts, from 
which the direction can be read. (7) 

Multiply a fourth of the Moon's rim, (in whatever 
unit taken, as for e.g. minutes or digits) by the latitude, 
and again by the degrees of the Moon east or west of 
the meridian. Divide this by 8100. By so many units 
is the east or west point of contact bent northward or 
away from the north, respectively, if the Moon is east 
of the meridian, and bent away from the north and 
northward, respectively, if the Moon is west of the 
meridian. (8) 

Moment of the eclipse and colour 

The middle of the eclipse is at the moment of new 
moon. The times of first and last contacts are earlier 
and later than the middle, by half the time of duration 
(9a-b). 

When the eclipse is total, the colour of the Moon is 
red or brown as it is farthest or nearest to the earth re- 
spectively and mixed, more or less, in between. When 
the eclipse is near sunset or sunrise, the moon is smoky 
in colour. When the eclipse is partial, the Moon has 
the colour of rain-cloud. (9 c-d). 

Subtract the Head of Rahu from 12 ratis, multiply it 
by 228, and add the Moon's longitude. If this is 
between 6 and 12 rasis, the Moon is farther, and if 
between and 6 rdsis, it is nearer. 1 (10). (TSK). 



x !For the elucidation of the several rationales involved, see PS: 
TSK:6.U\0. 
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16. 5. 1. Tf^^TT H^Pd^ii 'N«w*wV^d*$+*HW»: I 

;#.fi*KH?fe+i srssrr: ii 3 u 

3^r^fef^t ^Tf^dHl^l^cf 5 srfc^f^ I 
Nfafakn^l^^Tl^H^iN f^TRT II K II 

H^W ^Fcf S"^ d<^MH<W): II ^ II 

ferpjf firft^T t^TT fa^+M^+^siHUl: II ^ II 

(Varaha,£\S, 10.1-7) 

— Saura Siddhanta 

Diameter of the shadow 

Multiply the Moon's true distance in its orbit by 36, 
and divide by the Sun's true distance multiplied by 90 
and divided by 286. Subtract this result from 36, 
multiply by 120, divide by Moon's true distance and 
get the arc of the resulting sine. This is the angular 
diameter of the shadow. (l-2a) 

Duration of the eclipse 

Add the angular diameters of the Moon and the 
shadow, divide by two^ and square it. Subtract the 
square of the Moon's latitude from this, and find the 
square root. Multiply this by 120 and divide 
by the difference of the motions per day of the 
Sun and the Moon, pertaining to the time of eclipse. 
The duration of the eclipse is obtained in nddikds. 
(2b-3). 

Find the Moon's latitude at first contact, and using 
this find a more correct duration. Repeat this till there 
is no difference between the previous and the next 
durations. (4) 

Obscuration at any desired moment 

Take the nddts before or after full or new moon up to 
the time for which the amount eclipsed is wanted. 
Multiply this by the difference of the Sun's and Moon's 
daily motions, (mentioned above), and divide by 60. 



The 'corresponding minutes of arc' are got. Square 
this, square the Moon's latitude for the moment, add 
them and extract the square root. Subtract this from 
the half-sum cf the diameters of the eclipsing and the 
eclipsed bodies. The remainder is the minutes of arc 
eclipsed, at the moment taken, of the Moon in the case 
of the lunar eclipse, and of the Sun in the case of the 
solar eclipse. (5 6) 

Time of obscuration 

Take the difference of the angular semi-diameters, 
instead of the sum. Square it, subtract the square of the 
parallax-corrected latitude (in the case of the solar 
eclipse) , of the latitude (in the case of the lunar), find the 
square root, double it, and treat it as tithi, i.e. multiply by 
60 and divide by the difference of the parallax-corrected 
daily motions for the solar eclipse, cr of the mere daily 
motions in the case of the lunar. The time of total 
obscuration is got. 1 (7) (TSK), 

— 3rPT*r£taR 

16.6.1. ^MH^+fsfrr: 4j<4HjJK$Wlftl qTd^fdfi I 

to l <t*|[d Wt g^f, ?rf?Fr Tf^ft ^ *T3^TT II ^ II 

crtRsr^ ^^trwt ii 3* m 

r^c^ d ^^^i?^^l^r^H^>TTcT II V<| II 
cTWRJ^f ftWNfa II || 

f^MI^^N *T^T# cf^TT^RT 11*3 II 

fa frwUl Id fcgrffl WJ I fc^dolfad l«*H H I 
^*M«t>faT^ gf OT^il^lfa^ *RT: II W II 

(Aryabhata I, ABh., 4. 37-44) 

— iryabha^iya 

Moon, Sun, Earth and Shadow 

The Moon is water, the Sun is fire, the Earth is earth, 
and what is called Shadow is darkness (caused by the 
Earth's Shadow). The Moon eclipses the Sun and the 
great Shadow of the Earth eclipses the Moon. (37) 



1 For detailed elucidation, rationales and calculations, see PS: 
TSK, 10. 1-7. 
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Occurrence 

When at the end of a lunar month, the Moon, lying 
near a node (of the Moon), enters the Sun, or, at the end 
of a lunar fortnight, enters the Earth's Shadow, it is 
more or less the middle of an eclipse, (solar eclipse in the 
former case and lunar eclipse in the latter case). (38) 

Length of Shadow 

Multiply the distance of the Sun from the Earth, by 
the diameter of the Earth and divide (the product) by the 
difference between the diameters of the Sun and of the 
Earth : the result is the length of the Shadow of the Earth 
(i.e. the distance of the vertex of the Earth's shadow) 
from the diameter of the Earth (i.e. from the centre of 
the Earth). (39) 

Earth's shadow 

Multiply the difference between the length of the 
Earth's shadow and the distance of the Moon by the 
Earth's diameter and divide (the product) by the length 
of the Earth's shadow: the result is the diameter of the 
Tamas (i.e., the diameter of the Earth's shadow at the 
Moon's distan ce) . (40) 

Half-duration 

From the square of half the sum of the diameters of 
that (Tamas) and the Moon, subtract the square of the 
Moon's latitude, and (then) take the square root of the 
difference; the result is known as half the duration of the 
eclipse (in terms of minutes of arc). The corresponding 
time (in ghatis etc.) is obtained with the help of the daily 
motions of the Sun and the Moon. (41) 

Subtract the semi-diameter of the Moon from the 
semi-diameter of that Tamas and find the square of that 
difference. Diminish that by the square of the (Moon's) 
latitude and then take the square root of that: the square 
root (thus obtained) is half the duration of totality of 
the eclipse. (42) 

Non-eclipsed portion 

Subtract the Moon's semi-diameter from the semi- 
diameter of the Tamas ; then subtract whatever is 
obtained from the Moon's latitude : the result is the part 
of the Moon not eclipsed (by the Tamas). (43) 

Measure of the eclipse 

Subtract the ista from the semi-duration of the eclipse; 
to (the square of) that (difference) add the square of the 
Moon's latitude (at the given time) ; and take the square 
root of this sum. Subtract that (square root) from the 
sum of the semi-diameters of the Tamas and the Moon; 
the remainder (thus obtained) is the measure of the 
eclipse at the given time. (44) 



16. 7. la. <r<H^1 ^rf^Rft fdr^^d^^tird+IHi^H^ I 

hi din ^^41^ I fWn) ^t^ftji^t ii T ii 
TGc^rT ^r^l^jftm^vri^ rTPRT: II ^ II 

PrOTfrft sfr^r ftrfsreRj fa fo*K W 1 1 * u 

*rfcr: t*f^dl f^faft^i^Hlft+Hi«ll«Wi: I 
3H<|«|U|*M «H*^td <MM*H TT# II !( II 

«fl^fafa^(^M(H(^»l^faM^^ I 

^r^^f^^ill^l^HiJHH 11*11 

(Brahmagupta, KK, 1.4.1-7) 

— Aryabhata's Midnight system 

The degrees, minutes and seconds (omitting the Signs) 
in the longitudes of the Sun and Moon should be made 
equal by adding to or subtracting from them their re- 
spective motions during the ghatikas, which are to pass 
till the purnanta (or time of opposition) or that have 
passed since then, respectively. 

Subtract the longitude of the pata 1 from that of the 
Moon. The jya of the remainder, multiplied by 9 and 
divided by 5, gives the viksepa of the Moon in minutes. (1) 

The true daily motions of the Sun and Moon 
multiplied, respectively, by 11 and 10, and divided by 
20 and 247, give their angular diameters in minutes. 

The difference between 8 times the true motion of the 
Moon and 25 times that of the Sun, when divided by 
60, gives the angular diameter of the Earth's shadow in 
minutes. (2) 

When the viksepa of the Moon is subtracted from half 
of the sum of the diameters of the obscuring and the 
obscured bodies, the remainder is the portion obscured 
by the shadow. 

If the obscured portion is greater than the ob- 
scured body, there is total eclipse; if less, there is partial 
eclipse. (3). 

Find the sum and difference of the semi-diameters of 
the obscuring and obscured bodies. Subtract the 



i Pata in this chapter is Moon's Node. 
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square of the viksepa of the Moon from the square of each 
of the results. Find the square roots of the remainders; 
and thus calculate, respectively, the half durations of the 
eclipse and of the total obscuration in the same w ay as 
in the case of tithis. (4) 

Multiply the true daily motion of the Sun or the Moon 
by the number of ghatikds, etc., in the half duration of 
the eclipse or of total obscuration. Divide each product 
by 60. Add the result to or subtract from the respective 
longitude of the Sun or of the Moon. The first gives 
the longitude at the end of the eclipse, or the total 
obscuration, as the case may be; and the second gives 
the longitude at the beginning of the eclipse or the total 
obscuration. In the case of the pdta, the process must 
be reversed. The corrections should be applied 
repeatedly. (5) 

From the half duration of the eclipse, whether at the 
beginning or at the end, subtract the given time, after 
which or before which, respectively, the obscured 
portion is wanted. From that time, calculate the arc 
in minutes gained by the Moon and also its viksepa. 
Find the square root of the sum of the squares of these 
two quantities. Subtract it from half the sum of the 
diameters of the obscuring and obscured bodies. The 
remainder is the obscured portion. At the time of the 
madhyagrahana, the obscured portion is obtained by sub- 
tracting the number of minutes in the Moon's viksepa 
from half the sum of the diameters of the obscuring and 
obscured bodies. (6) 

Multiply the natajyd (samamandaliya-mtdms'a-jyd) of the 
obscured body by the aksajyd and divide by the trijyd. 
Considering the result as the jyd, find the number of 
degrees in the corresponding arc. This arc is to the 
north or south according as the obscured body is in the 
eastern or the western half of the celestial sphere. Take 
the sum of difference of the number of degrees in this 
arc and that in the dyanavalana, that is, the declination 
calculated from the longitude of the obscured body 
increased by 90°, according as they are of the same or 
of opposite denominations. The result is the variation 
of the eastward direction of the ecliptic from the 
eastward direction of the disc of the obscured body. 1 
(7) (BC) 

16. 7. lb. MI^H^^T^^ I ^lHlfa* !: TOT Wf: I 
d^lPd^Mp^l^+HI TTHM II <K II 

<T#*fr : TOT^ MHlfU+Hl ^Pd*MPd TSTRT I 



1 For the rationale and formulae involved, sec KK: BC, I. 117-22. 



^ q^TFT SJ^prefR ffwiw It ^3 H 

(Brahmagupta, KK 3 2.4. 19-23) 

Syzygy computation 

Find the mean longitudes of the Sun and Moon's 
pdta on a given day. Subtract the longitude of the pdta 
from that of the Sun. Subtract the remainder comple- 
tely from 6 and 12 Signs and express the difference in 
minutes. Divide this difference by the sum of the mean 
daily motions of the Sun and the pdta. The result is in 
days etc. If the difference in the longitudes of the Sun 
and the pdta is greater than 6 or 12 Signs the difference 
will be equal to it before the time in the result; if less, 
the difference will be equal to it after the time in the 
result. If the time is Amavasya, there is the possibility 
of a solar eclipse; if near Purnima, there is the possibility 
of a lunar eclipse. 

If there is no eclipse at present, solar or lunar, (it 
should then be examined whether there was one, 12, 
18, 24, etc., months before or there will be one after the 
same intervals. For this purpose, the longitudes of the 
Sun, Moon its ucca and pdta before or after these intervals 
must be found). The half-yea-ly motions of the Sun, 
Moon, its ucca and pdta are respectively 5 signs 24° 27' 
6", 5 signs 22° 12' 53", 19° 42' 56" and 9° 22' 40". 
Multiply these motions by the number of half years 
before or after which the possibility of an eclipse is to be 
determined. The products resulting from the motions 
of the Sun, Moon and its ucca should be added to the 
respective longitudes, if the time is after the given day; 
and deducted if the time is before the given day. The 
product resulting from the pdta's motion should be 
applied to its longitude in the reverse manner. (The 
final results are the mean longitudes at the time 
when the possibility of an eclipse is being determined. 
(19-23). (BC) 
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«l^ill4*<Hdc«*IWft*ilMfilfkl+'l^: I 
3WMfil*<H r^^N^H^Hi »wfefcd: II K II 

(Brahmagupta, ATT, 2.4. 1-5) 

— Emendation by Brahmagupta 

If the mandakendra of the Sun or Moon is less than 6 
Signs, the mandaphala of each should be subtracted from 
its mean longitude ; if the mandakendra is greater than 6 
Signs the mandaphala should be added. The result in 
each case will be the corrected longitude. 

From these longitudes calculate the time of opposition 
or conjunction, according as it is lunar or solar eclipse. 
Find the natakala at that time. Multiply the jyd of the 
Sun's mandakendra by the jyd of the natakala. Multiply 
the product again by 191 and divide by the square of the 
trijya. Add or subtract the result in seconds, to or from 
the Sun's corrected longitude, according as it is in the 
western or eastern half of the sky. (The result gives the 
correct true longitude.) 

Multiply the jyd of the Moon's mandakendra by the jyd 
of its natakala. Multiply the product again by 499 and 
divide by the square of the trijya. The result is in 
seconds. If the mandaphala of the Moon is subtractive, 
add or subtract the result to or from its corrected longi- 
tude, according as it is in the eastern or western half of 
the sky. If the mandaphala is additive subtract the result 
from the corrected longitude of the- Moon, whether it is 
in the eastern or western half of the sky . (The result is 
its corrected true longitude.) 

The process should be repeated till the longitudes are 
fixed. (1-2) 

If the Sun is in the eastern half of the sky, the 
correction to its motion is subti active, additive, sub- 
tractive and additive, according as its mandakendra is in 
the first, second, third and fourth quadrants, respectivf ly. 
If the Sun is in the western half, the process is reversed. 

In the case of the Moon, when it is in the western 
half, the correction to its motion is subtractive, additive, 
subtractive and additive, according as its mandakendra 
is in the first, second, third and fourth quadrants, re- 
spectively. If the Moon is in the eastern half, the 
correction is additive, subtractive, subtractive and addi- 
tive, according as its mandakendra is in the first, second, 
third and fourth quadrants respectively. (3) 

In the case of a solar eclipse, add the length of the 
day (on which the eclipse occurs) to its one- quarter. 
Add to the sum the dinagata or the dinasesa, whichever 
is less, and divide by half the length of the day. The 
result is the number of minutes in an ahgula on that day. 



(In a lunar eclipse the same method must be followed 
using the length of the day of the Moon.) 

The breadth of six grains of harley without the husk 
is equivalent to one ahgula. (4) 

The semi-diameters of the obscuring and the obscured 
bodies, their sum and the viksepa of the Moon are express- 
sed in angulas, when the number of minutes in these 
lengths is divided by the number of minutes in an ahgula. 

The trijya and the valanajyd are expressed in angulas 
by dividing each by any number. (It is 6 according to 
ancient astronomers.) 1 (5). (BC) 

— V 

16. 9. la. m4hI«I Vfi i^IWi: sftRfT fa ¥11+* I 
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BH l 3*4gd «MW*«H4«M4Ki: ^TT: II It 

(Bhaskara I, LBh. 4. 1-7) 

— Bhaskara I 

Longitudes of the Sun and the Moon 

One who wants to obtain (the longitudes of the Sun 
and the Moon when there is) equality in minutes of arc 2 
should add as many minutes of arc as there are parvanddts } 
to the Sun's longitude (at sunrise) and the same together 
with the minutes of arc (of the difference between the 
longitude of the Sun as increased by 6 signs, and the 
longitude of the Moon in the case of opposition, or of 
the difference between the longitudes of the Sun and the 
Moon in the case of conjunction) to the Moon's longi- 
tude (when opposition or conjunction of the Sun and 
Moon is to occur) ; similarly, (when opposition or 
conjunction of the Sun and Moon has occurred) one 



1 For the explanation of and proof, see KKiBC, I. pp. 149-51. 

a When the Sun and the Moon are in opposition, their longitudes 
differ by six signs; when they are in conjunction, their longitudes 
are the same. The minutes, however, are the same. The equality 
in minutes of arc refers here to the time of opposition or conjunction. 



203 



16. ECLIPSES 



16. 9. lb 



should subtract the pratipad-mdis (etc. from the longitude 
of the Sun and the Moon). (1) 

Mean distances of the Sun and the Moon 

4,59,585 is (in yojanas) the (mean) distance of the Sun 
and 34,377 that of the Moon. (2) 

True distances of the Sun and the Moon 

These (above-mentioned mean distances of the Sun 
and the Moon) multiplied by their true distances in 
minutes obtained by the method of successive approxi- 
mations and divided by the radius (i.e., by 3438') give 
their true distances in yojanas. (3) 

Diameters of the Sun, the Moon and the Earth 

The diameter of the Sun is 4410 (yojanas) ; of the 
Moon, 315 (yojanas) ; and of the Earth, 1050 (yojanas). (4) 

Angular diameters of Sun and Moon 

Multiply the radius (i.e., 3438') (separately) by their 
diameters in yojanas and divide by their true distances in 
yojanas: then are obtained their true (i.e., angular) 
diameters in minutes of arc. (5) 

Length of Earth's shadow 

Multiply the Sun's (true) distance (in yojanas) by the 
diameter of the Earth in yojanas and divide by the diffe- 
rence between (the diameters of) the Sun and the Earth. 
Then is obtained (in yojanas) the length of the Earth's 
shadow. (6) 

Diameter of the Earth's shadow 

This (length of the Earth 's shadow) diminished by the 
(true) distance of the Moon and multiplied by the 
diameter of the Earth and (then) divided by the length 
of the Earth's shadow gives (in yojanas) the diameter of 
the Earth's shadow (at the point where the Moon 
crosses it). This should be reduced to minutes of arc 
like (the diameter of) the Moon. (7). (KSS) 
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^^MMfe rr faidi*-di gferfew wrru 

(Bhaskara I, LBh., 4. 8-22) 

Moon's latitude 

Multiply the R sine of the difference between the 
longitudes of the Moon, when in opposition with the 
Sun, and its ascending node by 270 and divide (the 
product) by the true distance of the Moon, in minutes: 
the result is the Moon's (true) latitude north or south. (8) 

Moon's diameter unobscured by the shadow 

Diminishing the (minutes of arc of the) Moon's 
latitude (obtained above) by half of the minutes of arc 
resulting on diminishing the diameter of the shadow by 
that of the Moon are obtained those of (the diameter of) 
the Moon which remain unobscured by the shadow. (9) 

Spars a and moksa sthityardhas 

Diminish the square of half the sum of the diameters 
of the Moon and the shadow (samparkdrdha) by the 
square of the (Moon's) latitude (for the time of opposi- 
tion of the Sun and Moon) arid then take the square 
root (of that). That divided by the difference between 
the (true) daily motions (of the Sun and Moon) and 
multiplied by 60 gives, in nadis, the (first approximation 
to the sparsa or moksa) sthityardha. 

(Then) multiply those nadis by the true daily motion 
(of the Moon) and always divide by 60. The resulting 
minutes should then be severally subtracted from, and 
added to the longitude of the Moon (calculated for the 
time of opposition) to get the longitudes of the Moon for 
the times of the first and last contacts. 
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From the Moon's longitude (for the first contact as 
also for the last contact) calculate the Moon's latitude ; 
and from that successively determine the (correspond- 
ing (sthityardha in terms of) nddis, the corresponding 
minutes of arc (of the Moon's motion), and the longi- 
tude of the Moon (for the first contact as also for the 
last contact). Repeating this process again and again, 
find the nearest approximations to the (sparsa and 
moksa) sthityardhas. (10-12). 

First and the last contacts 

Diminish and increase the true time of opposition by 
the {sparsa and moksa) sthityardhas, obtained by the 
method of successive approximations, (respectively): 
then are obtained the times of the first and the last 
contacts. The time of the middle of the eclipse is the 
same as that (of opposition of the Sun and the Moon). 1 
(13) 

Sparsa and moksa vimarddrdhas 

The square root of the difference between the squares 
of the Moon's latitude and half the difference between 
(the diameters of) the eclipsed and eclipsing bodies leads, 



1 This is how the exact times of the beginning and end of a lunar 
eclipse are determined. In practice, however, the exact beginning 
and end of an eclipse are not perceived with the unaided eye. A 
lunar eclipse is seen to begin after a portion of the Moon's disc is 
already obscured by the shadow. Sankaranarayana tells us how to 
find the times when a lunar eclipse is actually seen to begin and end. 
He says : 

' 'At the beginning, having diminished the sixteenth part of the 
Moon's diameter from half the sum of the diameters of the Moon and 
the shadow, (then) having squared it and subtracted from it the 
square of the Moon's latitude, one should obtain half the (apparent) 
duration of the lunar eclipse by the method of successive approxi- 
mations. Or, one should multiply the sixteenth portion of that 
(semi-duration) in minutes by 60 and divide by the difference 
between the daily motions of the Sun and the Moon, and then 
reduce that to vighatis etc. Having thus ascertained the corres- 
ponding time (in vighatis) the apparent instant of the first contact 
should be declared by adding that to the instant of the first contact. 
After that, in order to determine the instant of the last contact, the 
moksa-sthityardha obtained by the method of successive approxima- 
tions should be added to the instant of opposition and the result 
taken, as before, as the instant of the last contact. There also the 
(apparent) time should be announced after diminishing it by one- 
sixteenth (of the time corresponding to the moks a- sthityardha). Then 
adding the two sthityardhas (i.e., the spar£a and moksa sthityardhas), 
the sum should be declared, in ghatis etc., to be the duration of the 
eclipse.*' 

In support of his statement, Sankaranarayana quotes the following 
verse of Acarya Bha^a Govinda: 

iasidehdstyamionam samparkadalam yada nater adhikam \ 
bhavatitadendugrahanam na bhavatyalpe 'rdhasamparke H 

i.e., When half the sum of the diameters of the Moon and the 
shadow diminished by the sixteenth portion of the Moon's diameter 
is greater than the Moon's latitude (for the time of opposition), 
then does a lunar eclipse occur (i.e., is observed). When half the 
sum of the diameters of the Moon and the shadow (diminished by 
the sixteenth part of the Moon's diameter) is smaller, a lunar eclipse 
does not seem to occur (i.e., is not observed). 

The statement that the time of the middle of the eclipse is the 
same as that of opposition of the Sun and Moon is only approxi- 
mately true. An accutare expression for the difference between 
the two instants was first given by Ganesa Daivajfia (1520). (K.SS) 



as before, to the determination of the (nearest approxi- 
mation in) nddts of the (sparsa uimarddrdha as also of the 
moksa vimarddrdha. (14) 

Aksa-valana and Ayana-valana 

Maltiply the R sine of the (local) latitude by the 
R versed-sine of the ajiw between the times of (the begin- 
ning, middle, or end of) the eclipse and the middle of 
the night or day, 1 and divide by the radius (i.e., 3438') : 
(the result is the R sine of the aksa-valana) . The direc- 
tion of the result (i.e., aksa-valana) is (determined) in the 
following manner : 

(If the eclipsed body, at the time of the first or last 
contact, is) in the eastern half of the celestial sphere, 
the directions of the aksa-valana for the eastern and 
western halves of the disc (of the eclipsed body) (i.e., of 
the sparsa and moks a valanas in the case of the Moon and 
vice versa in the case of the Sun) are north and south, 
(respectively) ; (if the eclipsed body is) in the western 
half of the celestial sphere, (they are to be taken) 
reversely. (15-16). 

Magnitude and direction of the ayana-valana 

The R sine of the declination calculated from the 
R versed sine of the kofi of the tropical (sdyana) longitude 
of the Sun or Moon 2 for that time (i.e., for the beginning, 
middle, or end of the eclipse) (is the R sine of the ayana- 
valana) . In the eastern half of the disc (of the Sun or the 
Moon), the direction (of the ayana-valana) is the same as 
that of the ayana z (of the Sun or the Moon). In the 
western half, the direction is contrary to that of the 
ayana. (17) 

Resultant valana 

Take the sum of their arcs (i.e., of the aksa-valana and 
ayana-valana (when they are of like directions) and the 
difference when they are of unlike directions. Multiply 
the R sine of that (sum of difference) by the sum of the 
semi-diameters of the eclipsed and eclipsing bodies and 
divide by the radius: this result is the valana. (18) 

Corrected valana : sphufa-valana 

If the valana (obtained above) is of the same direction 
(as the Moon's latitude) add it to the Moon's latitude; 
if it is of the contrary direction, subtract it (from the 



1 Night when the eclipse is lunar, and day when the eclipse is 
solar. 

a The Sun is taken when the eclipse is solar, and the Moon is 
taken when the eclipse is lunar. 

« Ayana means "the northerly or southerly course (of a planet)". 
The course (ayana) is north or south according as the planet lies in 
the half orbit beginning with the tropical Sign Capricorn or in that 
beginning with the tropical sign Cancer. 
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Moon's latitude) . The (sum or difference thus obtained 
is known as the corrected valana (sphufa-valana) in the 
case of solar and lunar eclipses. 

In case that (corrected valana) is found to be greater 
than the sum of the semi-diameters of the eclipsed and 
eclipsing bodies, it should be subtracted from the entire 
sum of the semi-diameters of the eclipsed and eclipsing 
bodies and the remainder (thus obtained) should be 
taken as the (corrected) valana. (19-20) 

Valana for the middle of the eclipse 

The (resultant) valana for the middle of the eclipse 
obtained in the same way as for the first contact without 
any further addition or subtraction of the Moon's latitude 
tude is the corrected (valana for the middle of the eclipse) . 
The direction of that (Moon's latitude) is to be taken 
reversely (in the projection of a lunar eclipse). (21) 

Converting minutes of arc into angulas 

The minutes of arc of the diameters of the Sun, th6 
Moon, and the shadow and those of the (Moon's) latitude 
and the (corrected) valana when divided by two are 
reduced to angulas. (But when the Sun and Moon are) 
on the horizon, they (i.e., minutes of arc) are the same 
(as angulas). (22). (KSS) 
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(Lalla, SiDhVr., 5.1-28) 

— Lalla 

Time of the eclipse 

If one wants to ascertain (the time of) a lunar eclipse, 
one must find the true longitudes of the Sun, the Moon, 
and its ascending node, on the fifteenth tithi (i.e., 
full moon day) in the light half of the lunar month, 
at sunset. (1) 

Circumference of the sky 

Multiply 21,600 by 10 and then by the revolutions of 
the Moon in a yuga. The result is the yojanas in the 
circumference of the sky up to which the rays of the Sun 
reach. (2) 

Distance of the planet from the Earth 

(The circumference of the sky in yojanas) divided by 
72,000 gives the circumference of the orbit of the aster- 
isms. Again, (the circumference of the sky in yojanas) 
divided by the number of revolutions of each planet in 
a yuga, gives the circumference of the planet's orbit (in 
yojanas) . When this circumference is multiplied by 625 
and divided by 3,927, the result is the distance of the 
planet from the earth (in yojanas) . (3) 

Distance of the Sun and the Moon from the Earth 

The mean distance of the Sun from the Earth's centre 
is 4,59,585 yojanas and that of the Moon is 34,377 
yojanas. (4) 

When their mean distances are multiplied by their 
respective mandasphufa hypotenuse and divided by the 
radius, the results are their correct distances. Or, the 
mean distance multiplied by the mean motion and 
divided by the true motion, gives the correct distance 
(of the Sun or Moon) from the earth. (5) 

The diameter of the Moon is 3\ 5 yojanas and that of 
the Sun is 4410. The Sun's distance from the earth 
multiplied by 5 and divided by 16 gives the height of the 
cone of the Earth's shadow. (6) 

Diameter of the Earth* s shadow in yojanas 

The length of the earth's shadow (as found above) 
diminished by the correct distance of the Moon from the 
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centre of the earth, then multiplied by 1050 and divided 
by itself, gives, as result, the diameter of the earth's 
shadow in yojanas (in the Moon's orbit). (7) ■ 

Angular diameter of the Sun etc. 

The diameters of the Sun, the Moon and the shadow, 
(each expressed in yojanas) , and multiplied by the radius 
and divided, respectively, by the Sun's distance from the 
earth, the Moon's distance and the Moon's distance, (in 
yojanas), give the respective angular diameters in 
minutes, whence the arcs corresponding to the quotients 
as R sines are found. The results can also be treated 
approximately as diameters (without finding the 
arcs), (8) 

Or, the true motion of the Moon multiplied by 1 1 and 
divided by 272 gives its angular diameter in minutes. 
That of the Sun is obtained by multiplying its true 
motion by 11 and dividing by 20. The difference 
between 8 times the true motion of the Moon and 25 
times that of the Sun, divided by 60, gives the angular 
diameter of the shadow (in minutes). (9) 

The eclipser and the eclipsed 

The shadow is the Moon's obscuring body and the 
Moon is the Sun's obscuring body. There are total 
and partial eclipses of the obscured body caused by the 
obscuring body. (The eclipse) is named after the 
(eclipsed portion of the) obscured body. 1 (10) (BC) 

Latitude of the Moon 

When the Moon is equal to the Sun in respect of 
minutes etc., subtract from its longitude, the longitude 
of its ascending node. Find the R sine of the remaining 
arc, multiply it by 15 and divide by 191. The result is 
the latitude of the Moon, and its direction is according 
to the hemisphere in which the Moon happens to be 
diminished by its node. (11) 

Obscured portion at mid-eclipse 

When this latitude is subtracted from the sum of the 
semi-diameters of the obscuring and the obscured 
bodies, the remainder is the portion obscured (at the 
time of mid-eclipse) . When the portion is greater than 
the obscured body, the latter is said to be completely 
obscured. (12) 

Or, subtract half the difference of the diameters of the 
obscuring and the obscured bodies from the latitude of 
the Moon . The remainder is the portion not obscured. 
If there is no remainder, the obscured body is completely 
obscured. (13) 



1 For rationales and demonstrations, see Si.Dh.Vf. BC. II. 1 12-13. 



Half-duration of the eclipse 

Take the sum or difference in the semi-diameters of 
the obscuring and the obscured bodies. Square it and 
subtract from it the square of the Moon's latitude. 
Find the square root of the remainder. Multiply it by 
60 and divide by the difference of the true motions in 
minutes of the two bodies. The results are, respectively, 
the approximate half durations of the eclipse and the 
total eclipse in ghatikds. 

When these times are severally multiplied by the true 
motions of the Sun, Moon and its node and each product 
divided by 60, the results are, respectively, the motions 
of the Sun, Moon and its node during these times. 
(14-15) 

The Sun's and Moon's motions in minutes should, 
respectively, be subtracted from their longitudes and 
the node's motion added to its longitude, if the first 
half of duration of the eclipse or of the total eclipse is 
required; the reverse process is to be followed if the 
second half is required. 

From these longitudes, again calculate the half 
duration of the eclipse and of the total eclipse. Repeat 
the process till the times are fixed. (16) 

When the first half of the duration of an eclipse is 
subtracted from the time of the full moon, the remainder 
gives the time when the eclipse began. When the 
second half of the duration of an eclipse is added to the 
time of the full moon, the sum gives the time when the 
eclipse ends. So the wise say. 

The sum of the first and second half of the duration 
of the eclipse is its total duration. The sum of the first 
and second half of the duration of the total eclipse is the 
duration of the complete disappearance of the Moon. ( 1 7) 

The end of the full moon is the time of mid-eclipse. 
That time, diminished by the first half of the duration 
of the total eclipse, gives the time when the Moon is 
completely obscured. Again, that time added to the 
second half of the duration of the total eclipse, gives the 
time when the Moon begins to reappear. So say those 
who know. (18) 

Obscured portion at any time 

When the given time (during an eclipse) is subtracted 
from the first or second half of the duration of an eclipse, 
and the remainder is multiplied by the difference in 
minutes of the motions (of the obscuring and the obs- 
cured bodies) and divided by 60, the result is called bhuja 
or base. The latitude of the Moon at that time is 
called kofi or perpendicular. The square root of the 
sum of the squares of the base and the perpendicular is 
the hypotenuse at that time. (19) 
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In the same way, when the first or second half of a 
total eclipse is multiplied by the difference of the true 
motions (of the obscuring and the obscured bodies, and 
the product is divided by 60, the result is the base). 
The latitude of the Moon at these times is the perpendi- 
cular. (The square root of the sum of the squares of 
the base and the perpendicular is the hypotenuse at the 
beginning of the total eclipse (if the first half is taken), 
and is the hypotenuse for the end of the total eclipse (if 
the second half is taken) . 

(In both cases), when the hypotenuse is subtracted 
from the sum of the semi-diameters of the two bodies, 
the remainder is the obscured portion . (20; 

Time from the obscured portion 

Subtract the given obscured portion from the sum of 
the semi-diameters of the two bodies. Square the re- 
mainder. Subtract from it the square of the Moon's 
latitude (at the time of mid-eclipse). Find the square 
root of the remainder. Multiply it by 60 and divide 
by the difference of the true motions of the two bodies. 
Subtract the result from the first half of the duration of 
the eclipse, if the observed portion is between the begin- 
ning of the eclipse and the rnid-edipse. But if it is 
between the mid-eclipse and the end, subtract the 
quotient from the second half of the duration of the 
eclipse. The result is approximately the time when the 
given portion is obscured. 

Find the Moon's latitude at this time and repeat the 
process till the time is fixed. (This then is the correct 
time.) (22) 

Valana: Deflection due to latitude and declination 

Multiply the equinoctial midday shadow by the R 
versed sine or the utkramajyd of the hour-angle at the 
beginning of the eclipse, etc. and divide by the hypo- 
tenuse of the equinoctial shadow. Remember that the 
arc corresponding to this quotient as the R sine, ( which 
is called aksavalana), is to be taken as north or south 
according as the obscured body is in the eastern or 
western hemisphere. (23) 

In a lunar eclipse, the Moon, (the obscured body), is 
said to be in the eastern hemisphere from midday till 
midnight. From midnight till midday it is said to be 
in the western hemisphere. In a solar eclipse, (for the 
Sun, which is the obscured body), the contrary is the 
case. (24) 

Increase the number of degrees in the longitude of 
the obscured body by 3 Signs and then find its R versed 
sine or utkramajya. Hence find, as before, the R sine of 
the declination. The corresponding arc {ayanavalana)- 
has the same denomination as that of the Moon increased 



by 3 signs. The latitude of the Moon has the same 
denomination as that of the Moon diminished by its 
node. (25) 

The dksavalana, the ayanavalana and the Moon's 
latitude, all in minutes, should be added together if they 
are of the same denomination but their difference must 
be taken when of different denominations. Then find 
the R sine of the sum or difference, as the case may be. 
The result is the R sine of the valana or variation of the 
eastward direction of the ecliptic from the eastward 
direction of the disc of the obscured body. (26) 

Divide the R sine of the valana and 3438, the radius, 
by 1 10, to convert them into angulas. When the altitude 
in time (unnatakala) on any day at any given time, is 
divided by half the duration of the day and 2 \ added 
to the result^ the sum is the number of minutes equivalent 
to one angula. (27) 

Conversion of angular deflection to linear deflection 

The sum of the radii of the obscuring and the obscured 
bodies, the latitude of the Moon, the obscuied portion, 
the hypotenuse, the base and the perpendicular, 
(expressed in minutes) should be divided by the number 
of minutes in one angula. 1 (28) . (BC) 

— ^ 

16. 11. la. cfr^M i ^ i '-dVfafafHHI- 

Jim: feWfe*^- 

qKflqflgfl'H ' II R II 

^srnn^R <i>*fe!fiUcHiu4 ^ ii * ii 

'tst'sfr ^ l T^H^d : WW™ ; I 
1 For the rationale and exposition, see £iDhVr, : BC, 11.11 3-28. 
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16. ECLIPSES 



;16. 11.4b 



s^ft f^sfta ^ n K ii 

(Bhaskara II, SiSi:, I. 4. 1-5) 

— Bhaskara II 

Possibility of an eclipse 

Multiply the number of years that have elapsed from 
the beginning of the Kaliyuga by twelve and add the 
number of months elapsed from the beginning of the 
luni-solar year. Let the result be x. Then add 
2x (1— -gU) to x Let the resuk b€ y Then tn e longi- 
65 '? 
tude of what is called Sapdta-Surya or the longitude of 
the Sun with respect to a node will be x rdtis+ 

(2?+ 503) (1 + T*ff) rSjiSm If this longitude be less than 
3x30 

14°, then a lunar eclipse is likely to occur. (l-3a) 

Special note for the solar eclipse 

Add half a rati to the longitude previously obtained ; 
find out on which side the Sun lies, north or south; 
compute the longitude of the Sun from the number of 
days elapsed after the Sankramana day (i.e. the day on 
which the Sun has left one rati and entered another. (3b) 

Obtain the hour-angle in nadis of the Sun at the ending 
moment of the Amavasya, i.e. at the moment of new 
moon; add of subtract one-fourth thereof in rdtis from 
the position of the Sun according as the Sun is in the 
western or eastern hemisphere; then finding the decli- 
nation of that point and from the sum or difference of 
the declination and latitude of the place, obtain the 
zenith-distance of the culminating point of the ecliptic; 
taking that point to be roughly the Vitribha, i.e. the 
point of the ecliptic which is 90° behind the Sun on the 
ecliptic, find one-sixth of the zenith-distance; taking 
the sum or difference of the result and the longitude of 
the Sun with respect to the node (obtained in the begin- 
ning by adding half a rati to its position at full moon) 
if the result happens to fall short of 7°, then we could 
expect a solar eclipse. (4) 

If there be no eclipse at the current new moon, then 
go on adding one r£#-Q°-40'-15'' to the longitude of the 
Sun with respect of the Node (which will be its longitude 
for the moment of the next new moon) and repeating 
the procedure indicated, the occurrence of an eclipse or 
otherwise could be known. If such an occurrence be 
indicated, then compute the actual positions of the Sun, 
Moon and Rahu and following the procedure to be 
indicated in the chapter on Solar Eclipses, the moment 
of the occurrence of the eclipse and other relevant 
details could be computed. 1 (5). (AS) 



1 For an exposition, sec SiSix AS, pp. 331-45. 
16 



16. 11. lb. M*M4| | P«H<U*d<<H ; T# T 
fyl fcd NPwwJd ^ F°^fa : 

arldfoi ft^r n^jHfiwii ii 3 U 

fef ^fdRd^^tfl^ II V || 
Tt^t: '(sMHU^fV^HHlfd 11X11 

g^g^ldHAO^Hlfd 

^l<-HH4HI wf^T II O II 

^MIddlc+lfa ( *H<-sl<{Mi 

p^l^HTO I 
flMl'd^d^fd^fe* ^TT- 

fi*T^: ^^^m?r: II T° II : 

STCfa ^Pld^l^m I 

(Bhaskara II, Si£i. 9 1.5.3-7,10-11) 

Preliminaries 

Orbital radius 

The distances of the centres of the globes of the Sun 
and the Moon from the centre of the Earth in yojanas 
are respectively 689,377 and 51,566. (3) 

Hypotenuse 

The radius vector is to be computed even in the case 
of the Equation of centre as we did in the case rfsigkra- 
R 2 

phala. If it be ( K', ^ R _ K will be what is kaldkarna 

both in the case of the Sun, as well as the Moon. (4) 

The above kaldkarna multiplied by the harm given in 
yojanas and divided by the Radius gives the rectified 
yojanakarna. (5) 
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Spherical radii of Sun and the Moon 

The spherical diameters of the Sun and the Moon are 
respectively, 6522 and 480 yojanas. (5b) 
(S-E) Km 

e— ~2a (where e= Earth's diameter, s— 

Ks 

Sun's diameter; Km— Moon's distance from the 
Earth's centre; Ks= Sun's distance from the Earth's 
centre, and a = radius of the Earth's shadow cone at the 
lunar orbit) . (6) 

Angular measure 

The diameters of the Sun, the Moon, and Rahu in 
yojanas multiplied by R=3438', and divided, respectively, 
by Ks, Km and Km, give their angular measures. (7) 

Latitude of the Moon 

Viksepa or Sara, as it is also called, i.e. the latitude 

RsinAx270 

of the Moon, is obtained by the formula @~ 

R 

and it will have the same direction as the Moon with 
respect to the ecliptic, where A is the longitude of the 
Moon with respect to the nearer node and 270' or 
is taken to be the inclination of the lunar orbit to the 
ecliptic or, what is the same, the maximum latitude of 
the Moon. (10) 

Magnitude of a lunar eclipse 

Sthagita or the magnitude of an eclipse is defined as 
P-fr-}- (where P and r are, respectively, the radii of the 
eclipsing and eclipsed bodies and is the latitude of the 
Moon) . If the Sthagita is greater than 2r, then the 
eclipse is total . 1 (11). (AS) 

16.11.1c. HH I &flJIKK^ : 3»fd^ i 

^^TT fflT dsi%ft ^ I 

IV^twKi *$ i4 *fcw ^ ii <13 ii 

(Bhaskara II, SiSi., 1.5. 12-14) 



1 For an exposition and the rationale of the several processes 
involved, see Si& : AS, pp. 347-63. 



Duration of the eclipse 



mi — : 



Marda-khanda 



_ V (P-r) 2 -0 2 x6O 



mj 



J duration of 
the eclipse 
duration of 



totality 

where P is the radius of the shadow-cone, r the radius 
of the Moon's disc, its latitude taken to be constant 
during the eclipse, m t and s t the daily motions of the 
Moon and Sun respectively. (12) 

Rectification of the times 

From the position of the Moon and that of the Node 
obtained for the moment of opposition, have to be 
computed their position for the moment of first contact 
and those for the moment of last contact. (13) 

Proceeding on the same lines as above and obtaining 
/3 2 and A the rectified latitudes of the Moon for the 
moments of the commencement and end of totality of 
the eclipse, the Sammtlana-marda-khanda and Unmilana- 
marda-khanda, T 3 and T 4 , are to be rectified. 1 (14). (AS) 

16. ll. id. *Ttanr?: hJGkw+m 

fi*Tl<HHl^flHHi * II H II 



I^TRW Wt^T I 

(Bhaskara II, SiSi., 1.5.19-21b) 

First contact etc. 

The 'Middle of the eclipse 5 (or, strictly speaking) the 
moment when the portion eclipsed is a maximum) 
occurs at the moment of opposition. Sparsa or pragraha 
is at the moment of first contact and moksa is at the 
moment of last contact, separated from the moment of 
the middle of the eclipse by times equal to spars a-sthiti- 
khanda and moksa-sthiti-khanda respectively before and 
after. Similarly, sammilana and unmilana or the moment 
of the commencement of totality and the end thereof 
occur before and after the moment of 'the middle of the 
eclipse' by times equal to sammilana- marda-hhanda and 
unmilana-marda-khanda, respectively. (19) 

1 For the rationale involved, see SiSuAS, pp. 363-70. 
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16. 12. 1 



Valana or Deflection 

The hour angle of the eclipsed body expressed in 
nadiS) multiplied by 90 and divided by half the duration 
of night (if it be lunar eclipse) or half the duration of 
day (if ii be solar), as the case may be, will give the de- 
grees of an angle, whose R sine being multiplied by the 
R sine of the latitude and divided by (R cos $), (where 
8 is the declination of the eclipsed body), gives the R 
sine of what is called Aksa-valana which is north 
when the hour angle is east, and south otherwise. 
(20-2 lab). (AS) 



16. 12. 1. 'sw' ^frld«^WPk1 : 

f *lPfl*KW^lfacil ft*T fa*-** I 

*W FIT II ^ I! 



4>P U I <f^? 



cTcfT^rcf^ ^h^lf^^WI?^ FTRT II 3 II 
<T#frr asf^fl ^TRT xmq>\ ^ Wtt *ft§T: II * II 

^4^1w Tifwtt g mfit i ftwi n * ii 



': ^5^T^W%t^pt || \3 I! 



^ ^WW^dW ^rf^T: wfa*wW II s II 
FTJfF wtsm ^^rr srirs?q-«rr *ft§T3vr# ftm m £ 1 1 

atqiofaiiq+H' ^TR^ fed^^Mdl wfa" I 

5 <ft Fget ^rt i 

(Deva, KR, 2. 2-1 lb) 

— Kara^iaratna 

Angular diameters of Sun, Moon and Rdhu 

Ten times the Moon's daily motion when divided by 
251 gives the Moon's own diameter and when divided 
by 99, gives the diameter of Rdhu (i.e., Shadow); and 



10 times the Sun's daily motion when divided by 18 
gives the diameter of the Sun. (2) 

Moon's latitude 

From the longitude of the Moon at full moon subtract 
the longitude of the Moon's ascending node. The R 
sine of that diminished by one-tenth of itself is the 
Moon's latitude (at full moon). (3) 

Times of first and last contacts 

Subtract the square of that (Moon's latitude) from 
the square of half the sum of the diameters of the Moon 
and Shadow. The square root of that is half the dura- 
tion of the eclipse in terms of minute,. This divided 
by the motion-difference of the Sun and Moon (in terms 
of degrees) gives the nddis (of half the duration of the 
eclipse). (When the time is measured from sunrise) 
on the full moon tithi, these nddis being subtracted from 
the time of opposition (of the Sun and the Moon), the 
result is the time of the first contact; and the same 
number of nadis being added to the time of opposition, 
the result is the time of the last contact. . (When the 
time is measured from sunrise) on the next tithi (called 
Pratipad), the process is just the reverse. (That is, the 
time of the last contact is obtained by subtracting the 
above ghatis from the time of opposition and the time of 
the first contact is obtained by adding those ghafis to 
the time of opposition) . The time of the middle of the 
eclipse is obtained by iterating the above process. In 
the case of a solar eclipse, the process is the same, except 
for that in the place of Rdhu (Shadow) one has to use the 
Moon's disc. (3cd-5). 

Possibility of a Lunar eclipse 

When the Moon's latitude (for the time of opposition) 
is less than half the sum of diameters of the eclipsed and 
eclipsing bodies, an eclipse (of the Moon) is possible; 
when greater (or equal), it is not possible. 

The conjunction of Rdhu (Shadow) with the Moon 
occurs when the Sun sees the Moon (i.e., when the Moon 
is diametrically opposite to the Sun) . (6) 

Prediction of an eclipse 

A solar eclipse should not be predicted when it 
amounts to less than one-twelfth of the Sun's diameter 
(as it might not be visible to the naked eye) on account 
of the brilliancy of the Sun. But a lunar eclipse must 
be declared whenever it amounts to more than one- 
sixteenth of the Moon's diameter, as it will be visible 
(to the naked eye) on account of the transparency of 
the Moon. (7) 

Duration of totality 

Subtract the squaie of the Moon's latitude (for the 
time of opposition) from the square of half the difference 
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between the diamfeters of . the eclipsed and eclipsing 
bodies and take the square root thereof, and then divide 
(that square root) by the motion-difference (of the Sun 
and Moon) (in terms of degrees) : the quotient gives the 
ghalik&s of half the duration of total eclipse. (8) 

Moon's latitude for first or last contact 

(In order to obtain the Moon's latitude) for the first 
contact, subtract as many minutes from the Moon's 
latitude (for the time of opposition) as there are ghatis 
in half the duration of the eclipse if the eclipse occurs in 
an odd nodal quadrant, and add the same number of 
minutes if the eclipse occurs in an even nodal quadrant, 
(In order to find the Moon's latitude) for the last 
contact, proceed reversely. (9) 

Semi-duration of eclipse by iteration 

Having done this, apply the process of iteration in 
the following way : Calculate the semi-durations of the 
eclipse and the Moon's latitude (for the first and last 
contacts) again and again until the successive values 
are the same. The times, in ghatis, of the semi-dura- 
tions of the eclipse calculated from them (i.e., from 
the Moon's latitudes for the first and last contacts, 
obtained by iteration) arc the true values of the two 
(semi-durations), 1 (10-11 a). (KSS) 

— sfafa: 

16. 13. la, '^rsll ^H^Y^TWt's^' ftn^T- 

ffr: 'W^TV^HH f^RT: II R II 

(gripati, Dhikofi, 1. 2) 

— Srlpati 

Lunar months since Saka 961, the epoch 

Diminish the (current) year of the Saka era by 961, 
(then) multiply (the remainder) by 12, (then) add (to the 
resulting product) the number of months elapsed since 
the beginning of Caitra; (then set down the resulting 
sum in two places one below the other.) Multiply the 
sum in the lower place by 2, (then) diminish (the product) 
by 5, and (then) diminish (the remainder obtained) 
by 961th of itself. Divide whatever is obtained (as the 
remainder) by 65 an add (the quotient to the sum 
standing in the upper place. 2 (2) 



1 For rationale, see : KB : KSS, pp- 42-47. 

* This rule assumes, following Aryabhata I, that one solar month 
is equivalent to 

2 / 1 \ * 

1 4. — I l J lunar months approx. 

65 \ 916/ 

The subtractive .5 in the text is meant to account for the 
intercalary excess at the beginning of the Saka year 961. 



16. 13, lb. fesrT W*it Wftr'#rr' % 

^"fertt'^- 'tz:' *r*ta: 11 v n 
'yjf *r?fte# ^ ftftwf it n 

(Srlpati, Dhikoti, 1. 3-5) 

Darsanta-bhadhruva and Purnimdnta-bhadhruva 

Set down the resulting "aggregate of months" in 
three places (one below the other) and multiply (the 
numbers in the upper-most, the middle and the lowest 
places) by 2, 18, and 1, respectively. Then increase 
the last result (which is in the lowest place) by one-twen- 
tieth of itself. Then divide that by 60, (retain the 
remainder) and add the quotient to the number in the 
middle place. (Then) divide that (i.e., the number 
now in the middle place) by 60, (retain the remainder) 
and add the quotient to the number in the uppermost 
place. Then divide the number now in the uppermost 
place) by 27 (discard the quotient and retain the re- 
mainder). (To the remainders standing in the upper- 
most, the middle and the lowest places denoting naksatra, 
ghiti and pala in order) add 1, 44 and 6, respectively. 
Thus is obtained the Darsanta-bhadhruva. 1 (3-5a) 



x The Darsanta-bhadhruva being increased by 1, 9 and (in 
the uppermost, the middle and the lowest places denoting nakfatra, 
ghati and pala, respectively) gives the Purnimdnta-bhadhruva. 

The Darsanta-bhadruva denotes the longitudinal distance of the 
Mean Sun from the Moon's ascending node at the time of conjunc- 
tion of the Sun and the Moon in terms of nakfatra, ghati and pala. 
The nakfatra, ghati and pala here are the divisions of the circle like 
the degrees, minutes and seconds. The whole circumference of the 
circle is divided into 27 equal parts called nakfatras. each nakfatra 
is subdivided into 60 equal parts called ghatis, and each ghafi is 
further subdivided into 60 equal parts called palas. 

The Purnimanta bhadhruva denotes the longitudinal distance 
of the mean Sun from the Moon's ascending node at the time of 
opposition of the Sun and the Moon, in terms of nakfatra, ghati and 
pala. 

The above rule assumes, following the Siddhantas'ekhara, that the 
rate of separation of the Sun from the Moon's node is equivalent 
to 2 nakfatras 18 ghatis and 1 1/20 palas per month. In a fortnight, 
likewise, this separation to I, nakfatra 9 ghapis pala. 

1 nakfatra 44 ghapis and 6 palas, used as an additive in the above 
rule, is the bhadhruva for the beginning of Caitra Saka 961, the 
starting point of our calculation. 
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Possibility of an eclipse 

When the difference of the (Dar^anta or Purnimanta) 
bhadhruva from half a circle (i.e. 13 naksatras 30 ghafis), 
or a full circle (i.e. 27 naksatras) yields zero in the upper- 
most place (denoting naksatras), an eclipse (of the Sun 
or the Moon) is to be considered (possible). 1 (5b). 
(KSS) 

16. 13. lc. '^'V W WW HW: 

wftts^ cm<h*mi^i:- ii ^ n 

(Sripati, Dhikofi, 1. 6) 

Difference between true and mean Sun 

When the Sun is in the six Signs beginning with 
Cancer (i.e. in Cancer, Leo, Virgo, Libra, Scorpio, and 
Sagittarius), the Ravika Nadis (i.e. ghalis of the Sun's 
correction), which are then negative in sign, amount to 
3, 8, 10, 11, 8 and 3 (respectively); when the Sun is in 
the six Signs beginning with Capricorn (i.e. in Capricorn, 
Aquarius, Pisces, Aries, Taurus and Gemini) the (corres- 
ponding Ravika Nadis, which are now positive in sign, 
amount to 6, 10, II, 5, 6 and (respectively). 2 (6) 



16. 13. Id. 
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1 This means that an eclipse of the Sun or the Moon should be 
considered possibe if at the time of conjunction or opposition of the 
Sun and the Moon the distance of the Sun from the nearest node is 
less than one naksatras, i.e. 13° 20'. 

* The Raviha-nadxs above give the difference between the true 
and mean positions of the Sun, i.e. the Sun's correction. This 
correction can be easily identified with the Sun's equation of the 
centre. It is to be noted that the correction stated above is zero 
in Gemini, the sign occupied by the Sun's apogee, and is again zero 
somewhere in Sagittarius, the sign occupied by the Sun's perigee. 
In the other signs its variation behaves like that of the Sun's 
equation of the centre. Moreover, its maximum value is 11 nadis, 
i.e. 2° 26' 40", which roughly corresponds to the Indian value of 
the Sun's equation of the centre. It may be added that 1 1 natfis 
is the approximate maximum value of the correction in round 
figures. 

1 6-* 



^iGiMlVMfadl^iHkl 
MIHc^d *WRH<HI^: I 

*fterft«?%: ^TTcT fe#3TOt II 1° II 

<rffsir: «Wlkft 
VKlfet g fo^d^H l fc II *n II 

Srfar: *P?T 9R: ^TRf II <H It 

*Mifi*d *hh1 Pn^tdl ^ *fter: 

>d-*fl«M ^4fit«*d^: II II 

(grlpati, Dhikoti, 1. 7-13) 

Eclipse computation 

Having first applied these Ravika Nadis (as a negative 
or positive correction) to the Bhadhruva, one should find 
the difference of the (corrected) Bhadhruva from half a 
circle or a full circle (as the case may be). The differ- 
ence (in ghatis etc. thus obtained) gives the Madhyasara 
(i.e. the Moon's latitude for the middle of the eclipse) 
in terms of minutes etc. 

When the (corrected) Bhadhruva is greater than half 
a circle, the Madhyasara is south; when less it is 
north. 1 (7) 

Moon's diameter 

Subtract the Madhyasara (i.e. the Moon's latitude 
for the middle of a lunar eclipse) from 56 minutes 
(denoting the sum of the semi-diameters of the Moon 
and the Shadow) : then is obtained the measure of the 
lunar eclipse (in minutes). When it is less than the 
Moon's diameter, the eclipse is partial; when greater, 
the eclipse is total, the measure of the Moon's diameter 
is 32 minutes. 2 (8) 



1 The (corrected) Bhadhruva denotes the longitudinal distance 
of the apparent (or true) Sun from the Moon's ascending node, 
in terms of naksatra, ghati and pala. 

The difference between the corrected Bhadhruva and half a circle 
or a full circle (as the case may be) gives the distance of the apparent 
Sun from the Moon's nearer node. 

For demonstration see Dkikoti: KSS, pp. 15-16. 
* The following table gives the mean (angular) diameters of the 
Sun, the Moon, and the Shadow as used by Srlpati in the present 
work and also the corresponding modern values, 

SripatVs value Modern value 

Sun's diameter 33' 32' 4" 

Moon's diameter 32' 31' 7" 

Diameter of shadow 80' 82' approx. 
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Duration of the eclipse 

Subtract the square of the Moon's latitude from 3136, 
which is the value of the square of the sum of the semi- 
diameters of the Moon and the Shadow (in minutes). 
Then multiply the square root of that (difference) by 
60 and divide by 730 : the quotient gives the duration of 
the (lunar) eclipse in nadis. (9) 

Duration of totality for a total lunar eclipse 

Subtracting (the square of) the Moon's latitude from 
576 (i.e. the square of the difference of the semi-diameters 
of the Moon and the Shadow in minutes) 1 and proceed- 
ing as before, are obtained the nadis of half the totality 
(for a total lunar eclipse). (10a) 

First and last contacts and immersion and emersion 

(The time of the middle of the lunar eclipse) being 
diminished by half the duration of the lunar eclipse 
gives the time of first contact : the same being increased 
by half the duration of the lunar eclipse gives the time of 
separation of the Moon from the Shadow (i.e. the time 
of the last contact.) 

(The time of the middle of the lunar eclipse) being 
diminished by half of the duration of totality gives the 
time of immersion; and the same increased by half the 
duration of totality gives the time of emersion. 

The middle of the eclipse happens to be (approxi- 
mately) at the end of the Parva-tithi (i.e. at the time of 
opposition of the Sun and the Moon) . 

(The minutes of) the Moon's latitude etc. being 
divided by 3 are reduced to ahgulas. (lOb-11) 

When the Moon's latitude is north, the first contact 
occurs in the east slightly deviated towards the north- 
east; the separation occurs in the north-west; and the 
middle of the eclipse in the north . (12) 

When the (Moon's) latitude is south, the first contact 
occurs in the south-east; the separation in the south- 
west; and the middle of the eclipse., in the south. The 
immersion of the Moon takes place in the west and 
emersion, in the east. (13), (KSS) 

16. 14. la. ufdM<H<ta&<M: ^TT ^^WT vft It K M 
*iW«fNr*d <HI<Wi: ft 4*1 1: y^«K T^l I 

'^rr'^r# 3 sfNr w<4<mm id *r*nftTfa: nvii 



snfffrf diflftn firefr: n s ii 

^F^'j^t'^r^d SFFT 4+i^d: II £ II 

(VK, 4. 5b-9) 

— Vakyakarana 

The Ecliptic Elements 

Deduct from the Sun's longitude at sunrise as many 
minutes as the nadis gone in Prathamd, or add as many 
minutes as the nadis to go for the end of the Parva. 
Deduct or add seconds equal to the product of the 
nadis and the excess in minutes of the daily motion 
ovet 60'. If the daily motion is less than 60' use the 
defect, and add or deduct, respectively. The longitude 
of the Sun at the end of the Parva is got. This will be 
equal to the longitude of the Moon, if the Parva is 
Amavasya. If it is Purnima, this will be equal to 
the Moon plus 6 rdsis. (5b- 7a) 

Multiply the Sun's daily motion in minutes by 5 and 
divide by 9. The angular diameter of the Sun is 
in minutes is got. Divide the daily motion of the Moon 
in minutes by 25. The Moon's angular diameter is 
obtained. The Moon's angular diameter multiplied 
by 5 clivided by 2 and increased by 1, is the diameter in 
minutes of the shadow which hides the Moon (in the 
Lunar eclipse. (7b-8) 

Deduct Rahu from the Moon find its bhuja and the 
sine of the bhuja. Multiply this by 6 and add a 21st part 
of the result. This is the latitude of the Moon in 
minutes. This is positive (i.e. South) if Moon minus 
Rahu is from 6 to 12 rdJis and negative (i.e., North) 
if from to 6 rdjis. (9) . x (TSK-KVS) 

16. 14. lb. <UI$iH4«M4l<l<*i ft£M4r>kW I 

fw uiui^h, tfnsrrcfspF ^wsrir: 1 1 <\ ° n 

^iH$4»«%K*W l fc ft^fctdld I 
fo^wfa <TC (pi *M*KUli: II <n II 

l^c^SHlft+Wi^ ft^<*fy d<**d<M I 
facTOHlftd tmS*M: H+lfdd: II <\R II 

jjVnuoql ft+^fcfi qfaa: II 13 N 

ft^Mifciftdiiir^ftdHiviir^^rH^' n r* u 

(VK, 4. 10-15) 



x The semi-diameter of the shadow has been taken to be 40 
minutes. 



1 For worked out examples see VK: TSK-KVS, pp. 278-279. 
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The circumstances of the Eclipse : General 

Add the angular diameters of the eclipsing and the 
eclipsed bodies, and divide by 2. Deduct the latitude 
of the Moon. The remainder is the Magnitude in 
minutes or angulas. (If the latitude is greater, there 
is no eclipse) . If the remainder is- greater than the 
eclipsed body, the eclipse is total. (10) 

Add the eclipsed and the eclipsing and divide by; 2. 
Square it. Deduct the square of the. latitude from this, 
and find the square root. Divide this by the difference 
of the daily motions of the Sun and the Moon, in degrees. 
The result are nddikds of half-duration of the eclipse. 
If, instead of adding the eclipsed and the eclipsing, 
we subtract one from the other and do the calculation, 
we get the half-duration of the total phase. (ll-12a) 

The end of the parva is the Middle of the eclipse. 
Deducting the half-duration of the eclipse from this, 
the a proximate time of the First contact or the begin- 
ning of the eclipse is got. Adding, the approximate 
time of the Last Contact or the ending of the eclipse is 
got. (12b-13a) 

Deducting and adding the half-duration of the total 
phase from the end of the parva, the approximate times 
of Immersion and Emergence are got. (13b- 14a) 

Take vinadis equal to half the latitude of the Moon 
in minutes, and deduct from it l/6th of itself Deduct 
these vinadis from the times of the First contact and 
Last contact and from the times of Immersion and 
Emergence, if any, if (Moon minus Rahu) is in the 
odd quadrants ; add i f in even quadrants. The respective 
correct times are got. In the case of the solar 
eclipse, use of the Moon's latitude corrected for parallax 
(PGL) here. If it happens, in this case, that the latitude 
has changed sign by the parallax-correction, add for odd 
quadrants and subtract for even quadrants. 1 (14b- 15) 

%w\iUifa^d1 FTffi" I 
V^'^+^H*^: ^TRT It T II 

oi|4ct+?y[: M^^Mlfe: II ^ II 

1 For worked out examples, see VIC; TSK-KVS, pp. 280-81. 



ill^J^lHHRl^ 5 <s|t*9*I*H II V II 

^ cf^rr ^^M^^i^rrfT 11 x 11 
B-'tf °^llfad<*<lvU|fsp£ f^Tcft w: 

^^ilPd^ wit ^ *re 11 % n 
fa fa fa <fa <4 t^t: 

ft^dlftf^d H*K+I^m II u II 
faf^d^ r^fafa^d m I 
^^<u|V^FT WWto II ^ II 

fe*Wdld<fa: 
'd<|s#lV$ fad<5?H 

H<fafa+; wiHdi^ m 11 e. u 
fa^^^osnr^ifad ^^r^ 

'T^dl*w*R#fa <^OT": 11 <\o 11 

^o^l^o^^qpK^^ri^iyijylH h^€II^<|- 

wrr^rT^rrfsrF^r: srr^ ^ 
farcT|o4ta- gwft: FTsWWt 1 

(Ganesa, GL, 5. 1-12) 

— Grahalaghava 

Multiply the interval that has elapsed or yet to elapse 
(from sunrise or any standard time) by the daily motion 
of the planet. Divide by 60. The result in degrees is 
to be added to the position of the planet, if the pre- 
vious interval is yet to elapse, it should be subtracted 
otherwise. The result gives the position of the planet. 
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If the interval (gone or to elapse) is in gkafis, multiply 
the same by the daily motion of the planet and divide 
by 60. The quotient is to be added to subtracted from 
the position of the planet in minutes or seconds. After 
this correction, the true position of the planet is 
obtained. (1) 

At the end point of full or new moon, subtract the 
position of Rahu from that of the Sun. Find the value 
of the bkuja of the Sun. If it is less than 14 degrees, an 
eclipse will occur. In the case of the occurrence the 
eclipse, multiply the bkuja thus got by 1 1 and divide by 
7. The quotient in angulas give the sara. Its direction 
is the same as that of the Sun minus Rahu. (2) 

Subtract 55 minutes from the true daily motion of 
the Sun (*). Take (*/5+-10). This in angulas gives 
the diameter of the Sun. 1/74 of the daily motion of 
Moon gives diameter of Moon in angulas, (y). Find 
(3y+3>/ll— 8). This gives the diameter of Earth's 
shadow. (3) 

The Moon eclipses the Sun, and the Earth's shadow 
eclipses the Moon. Find the sum of the radii of the Sun 
and the Moon (during the solar eclipse) and that of the 
Moon and the Earth's shadow (during the lunar eclipse). 
This is termed mdnaikya-ardha (half-sum of the diameters). 
Subtract from it the sara obtained earlier. The result 
gives in angulas the position of the eclipsed body (x). 

Subtract the angular diameter of the eclipsed body 
from x. The result is called (kka^cchannaka or sarva- 
grasa or (occurring at a total eclipse). (4) 

Find the sum of the sara and the sum of the radii of 
the Sun and the Moon. Multiply the result by 10. 
Let it be x. Multiply x by the grdsa, the position that 
is eclipsed. And take its square root, (y). Subtract 
yj§ from it. Divide {y—yl&) by the angular diameter of 
Moon. The quotient gives the duration of eclipse in 
ghafikas. 

Add the sara to the difference of the radii of the Sun 
and Moon. Multiply by 10. Find the square of its 
product by khagrasa {y). Divide (y— y/6) by the angular 
diameter of the Moon. The result gives marda in 
ghatis. (This is for total eclipse). (5) 

The jirsi and last points of contact 

When the position of the Sun with Rahu (Node) 
is less than 12 rasis or 6 raits, multiply the above bkuja 
by 2, (x). Take the number of palas equivalent to the 
number of degrees in x. Subtract this value from the 
time, ghatis of the middle of the eclipse to get the time 
of first contact; by adding the time of last contact is to 
be had. The process should be reversed if "Rahu plus Sun 
is more than 12 rasis. 



The process is the same for finding the commence- 
ment and end of the eclipse. (6) 

The end of a tithi is the middle of the eclipse. The 
time of first point of contact is obtained by subtracting 
the sparsa-tithi from this; the time of the last point is got 
by adding its sthiti. 

The instants of the commencement and the end are 
obtained in the same manner by taking the nimilana and 
unmilana marda instead of the stkiti. (7) 

Eclipsed body at any time 

Multiply the desired time in ghatikas by the value of 
grdsa, and divide it by the duration (stitki) . Add 1 ° 25' 
to the quotient. The result in angulas gives the position 
of the eclipse at the desired time. (8) 

Valana: deflection 

Ayana-valana. In the case of the solar eclipse add 3 
raJis to that of the Sun ; in respect of the lunar eclipse 
subtract 3 rasis. Add the ayandmsa. Following the 
process to find cam, find the result by using 7, 5 and 1 
as cara-khandas. That equals ayana-valana. Its direction 
is the same as that of the Sun plus 3 rasis (solar eclipse) 
or the Sun minus 3 rasis (lunar eclipse). (9) 

Aksa~valana 

Divide by 5 the hour angle of the middle of the eclipse 
(madhya-kala-nata) and the result is in rasis etc. As in 
verse 9, take 7, 5, 1 as carakhandas and repeat the 
process to find cara (*). Multiply x by the equinoc- 
tical shadow and divide by 5. The result gives 
aksa-valana. In the case of eastern hour angle it is 
northern and for western hour angle it is southern. The 
spkuta-valana is the algebraic sum of these two. One- 
sixth of spkuta-valana is called sphuta-valandnghri. (10) 

The grdsa multiplied by 60 is to be divided by the 
sum of the radii. Take the square root of the quotient. 
That equals grasdnghri. In the case of total eclipse, 
replace the sum of the radii by their difference . Then 
kha-grasdngkri (kha-channdngkri) is obtained. 

Draw a circle with any centre, and radius equal to 
(the disc) of the eclipsed body. If the valana is south- 
wards, mark a point equal to valanahghri from the 
southern tip and to the right of the sara; reverse the 
process for northern valanas, i.e. mark the point to the 
left of the northern tip of the Sara. The middle point 
indicates the middle of the eclipse. 

Total eclipse is in a direction opposite to that of the 
middle. In case it is not a total eclipse, the remainder 
after the middle is in the same direction. (11) 
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The direction of first and last points of contacts 

In the case of lunar eclipse: On the eastern and western 
sides of the point denoting the middle eclipse, mark the 
points equal to the asangkri. They denote respectively the 
first and last points. In the case of the solar eclipse 
reverse the process. In the case of a total lunar eclipse : 
On the western and eastern sides the point denoting 
khagrdsa, mark the points equal to the khagrasdnghri. 
Then denote respectively the immersion and emersion 
of the total eclipse. (12) (VSN) 

16. 16. la. ^^^tjUbdr^^M^nH^ I 4dlH^"l 1 

(Varaha, PS, 6. 11-13) 

Lunar eclipse diagram 

Draw three concentric circles with radii 1 7, 38+ 1 7 
( == 55), and 38—17 ( = 21), minutes of arc. These 
circles relate to the Moon, the duration and obscuration, 
respectively. 

(Drawing the parts of the Moon's orbit forming the 
path of the Moon), mark the points of first and last 
contacts, and also those of immersion and emergence if 
any. (11) 

Draw the diameter making an angle equal to the 
valana given in verses 7-8 with the ecliptic to which, 
(according to this siddhanta) is east-west with reference 
to the equator. This diameter shows the east-west of 
the place. Draw thirteen equally spaced lines parallel 
to the east-west diameter. (12) 

Here the graphical representation of the lunar eclipse 
has been described briefly, and can be understood 
properly onlv by explanation (followed by demonstra- 
tion.) From this, the total duration the total obscura- 
tion, the magnitude etc., can be found by inspection. 1 
(13). (TSK) 

16. 16. lb. <j*ttiq i fa«$ : ^Md: *«pTO H TS^TET I 
^Hi^S+fa^: STPfJ «Wdfd: II V* H 

(Varaha, PS, 6. 14) 



1 For the rationale, see PS: TSK: 6. 11-13. 



Difference between solar and lunar eclipses 

In the lunar eclipse, the Moon, (moving eastward), 
contacts the Earth's shadow. Therefore the 'first 
contact' (occurs at the eastern limb of the Moon and so) 
does not occur at the Moon's western limb. In the 
solar eclipse, the moon meets the Sun, and therefore, 
(the Sun being contacted at its western limb), the first 
contact does not occur at the eastern limb of the Sun . 
(14). (TSK) 

16.17.1. ^^^HI^HIblU^^H I 

frT^f t^rr <rft*R fe^itM jqfa m % it 

SI^M^dl«4l:.MMK+W fen H4«W*n<*lPv: I 
^TT ?TftFft ^ *Tt£ ^4WH*fUJId II * II 

srrarar ^R^rr ^nro ^ftfto to i 

qr^TWt sffaT rHTF TO II £ II 

^n^ftfromyid mPwWI w^+isft it v ii 
f wwiM^i ^htt ^ faM^Hafltn: in v\ 

Mil^Hl*HM*lrli ^K^^nTE^^PT I 

fsr^rfiRf ^ ft":^rn?TrT II <R II 

m£ f^t tfr^r <rfdwr in^+y^ld i 
sro^fr^^f^Mft^i ^prehnr it <n u 
q^TcT sm^r <fafaMHwjd) *tj : i 

: <ft»lRw>>*4 l d ^"TRdtf^ l fa*!^ : II n II 

^ I H> l fa*^M' fd^HVTHd II <\% II 

(Brahmagupta, KK, 2. 4. 6-16) 

— ABh. Midnight System 

Draw by means of karkata (a kind of compass), on the 
ground, three concentric circles, whose radii are, respec- 
tively, equal to the radius of the obscured body, the 
sum of the radii of the obscuring and the obscured bodies 
and the trijya. (These circles are, respectively, called 
grdhayavrtta, samdsavrtta and trijydvrtta) . Then mark 
the directions north, south etc., in these circles. (6) 

In a lunar eclipse, for contact, the valanajyd should 
be marked along the trijydvrtta, from the east point in its 
own direction; and for separation, from the west point in 
the opjposite direction. In a solar eclipse, for contact, 
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the valanajyd should be marked along the trijydvrtta from 
the west point in a direction opposite to its own ; and 
for separation, from the east point in its own direction. 

In a lunar eclipse, the viksepa is marked along the 
samdsavrtta in a direction Opposite to its own, both for 
contact and separation. In a s6lar eclipse, the viksepa 
is marked along the samdsavrtta in its own direction 
both for contact and separation. 

Following the above rules, mark off on the circum- 
ference of the trijydvrtta a length equal to the valanajyd 
beginning from the east or west point, as the case may 
be. Join the point thus marked and the centre of the 
concentic circles by a straight line. (This line is called 
valanasutra). Mark the point where this line cuts the 
samdsavrtta. From this point along the circumference 
of the samdsavrtta cut off a length equal to the viksepa 
(according to the rules given above). (The point 
thus marked is the centre of the obscuring body. 
With this as centre and the radius of the obscuring 
body as radius, describe a circle, representing the 
obscuring body. (The respective diagrams give the 
positions during contact and separation.) (7-10) 

For a diagram at the madhyagrahanakdla, that is, at 
purndnta or darsdnta, first mark the north and the south 
points in the concentric circles already drawn. In a 
solar eclipse, the valanajyd should be marked along the 
trijydvrtta from the north point, if the Moon's viksepa is 
south. The valanajyd should be marked eastward, if 
its direction is opposite to that of the viksepa, and west- 
ward if same. In a lunar eclipse the reverse process 
must be followed. 

Join the point thus marked and the centre of the 
concentric circles by a straight line. From the centre 
along this line cut off the length of the viksepa, in its 
own direction in the case of a solar eclipse, and in an 
opposite direction in the case of a lunar eclipse. Mark 
this point which is the centre of the obscuring body. 
With this point as centre, and the radius of the obscur- 
ing body as radius describe a circle. This represents 
the obscuring body. Thus one should draw the 
diagrams on the ground to represent contact, separa- 
tion and the middle of an eclipse. (11-13) 

In a so^ar eclipse, from the centre of the Sun or grdhya- 
vrtta mark along the valanasutra a length equal to a thuja. 
If the given time is between the madhyagrahanakdla and the 
beginning of the eclipse, the length must be marked to 
the west; and to the east, if the time is between the 
madhyagrahanakdla and the end of the eclipse. At the 
point thus marked, draw a line perpendicular to the 
thuja and equal to the length of the koti, in the same 
direction as that of the Sun's koti. The straight line 



joining the centre of the Sun to the end of the kofi is called 
karna. With that point of intersection of the koti and the 
karna as centre, and with the radius of the Moon or 
obscuring body as radius, draw a circle. Thus is found 
the obscured portion of the obscured body at a given 
time. In the same manner the diagrams for immersion 
and emergence may be drawn . 

In a lunar eclipse, from the centre of the Moon or 
grdhyavrtta mark along the valanasutra a length equal to 
the thuja. If the given time is between the beginning 
of the eclipse and the madhyagrahanakdla, the length must 
be marked to the east; and to the west, if the time is 
between the madhyagrahanakdla and the end of the eclipse. 
At the point thus marked, draw a line perpendicular to 
the thuja, and equal to the length of the Moon's koti, 
in a direction opposite to its own. The straight line 
joining the centre of the moon to the end of the koti is 
called karna, (The remaining construction is the same 
as that in a solar eclipse). 14-16. (BG) 

— sm^T: <l 

16. 18. 1. 



f^rr *reTfan?f ^ftw fjct u'y* n 

^flT^T 5 ^JWRf cTcT: *HH$cT II II 

SRPfcsT g^cMk**kfi 3% II ^ II 

faST<T ^SrfT ?ft^T ft^ cT?T M+^d II II 
Ul^lfaM* cT«TT 4H£hWMfdfc<M 11 II 
^rW£41^«jTl ^T^TFT cTrT II 3 o 1 1 

d^Ajd <Wd) ^Tmti«it> d^4Pa : I 

> -so 

<Rhd+M*fl imft STffTO?T few II ^ II 

(Bhaskara I, LBh., 4. 23-32) 

— Bhaskara I 

Draw a circle with a thread equal in length to half 
the angulas of the diameter of the eclipsed body (as 
radius) and another (concentric circle) with a thread 
equal in length to half the sum of the diameters of the 
eclipsed and eclipsing bodies. 
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(Then) having drawn (through the common centre) 
the e^st-west line and with the help of a fish-figure the 
north^south line, lay off from the centre (of the circle) 
the corrected valana (for the first or last contact) accord- 
ing to its directions. 

About that point draw a fish-figure (in the east-west 
direction). (Then) passs a thread through the middle 
of that fish-figure and produce it towards the east or 
west (as the case may be) to meet the outer and from 
there carry it to the centre. 

The point where the junction of the circle of the 
eclipsed body and that (thread) is clearly seen (in the 
figure) is the place where the Moon is eclipsed or is 
separated (from the shadow) . 

When the valana and the Moon's latitude (for the 
middle of the eclipse) are alike in direction, the valana 
should be laid off towards the west (from the centre) ; 
otherwise, towards the east. In the case (of the eclipse) 
of the Sun, it should be done reversely. (Then) through 
the fish-figure drawn (along the north-south direction) 
about that point, pass a thread and extend it beyond 
the fish -figure (towards the north or south), according 
to (the direction of) the Moon's latitude to meet the 
outer circle, and from there carry the thread to the 
centre. Then from the centre along that thread lay 
off the Moon's latitude in the proper direction and put 
there a point. 

(With that point as centre and) with the angulas of 
the semi-diameter of the eclipsing body (as radius), 
draw a circle cutting the disc of the eclipsed body. The 
portion of the eclipsed body thus cut off lies submerged 
in the eclipsing body. 

The circle which is drawn through the points (i.e., 
the centres of the eclipsing body) corresponding to the 
beginning, middle, and end of the eclipse, with the 
help of two fish-figures, is the path of the eclipsing 
body. (23-30) 

Phase of the eclipse for given time 

Multiply the difference between the (true) daily 
motions (of the Sun and Moon) by the sthiyardha minus 
the given time and divide that (product) by 60. Then 
adding the square of that to the square of the Moon's 
latitude (for the given time), take the square root (of 
that sum). (The square root thus obtained is the dis- 
tance between the centres of the eclipsed and eclipsing 
bodies at the given time.) 

Lay that off from the centre so as to meet the path of 
(the centre of) the eclipsing body. With the meetimg 
point as centre and half the diameter of the eclipsing 



body and radius, draw the eclipsed portion for the given 
time. (31-32). (KSS) 

16. 19. i. ysfwrt snif : QldWl : 
vr|r^f^M4>iid«iTt 

^ C G 

Gwie^t xufa£<r *nfcrnpr i 

<T*rn^ ^/kiM^Mlf^ilfa I 
<^<fr l VIMHjfa Ml^kTMl : II 3<i II 

m<*i<\t\Tft$i\ it ^ i! 

JTSqrsW HSq^ft TSZT^T 

TTnjf FTSff ^W('Millii*flrft It 33 II 

f^qWdfcd^qi II 3* II 

(Lalla, SiDhVr., 5. 29-35) 

— Lalla 

In a lunar eclipse, the contact takes place in the 
eastern portion of the disc of the Moon and separation 
in the western portion. The contrary is the case in 
a solar eclipse. 

The latitudes of the Moon should always be drawn in 
a direction contrary to their own (in the projection) 
of a lunar eclipse. (But in the projection) of a solar 
eclipse, the latitudes should be drawn in their own 
direction. (29) 

Draw three (concentric) circles, with radii respectively 
equal to the radius of the obscured body, the sum of the 
radii of the obscuring and the obscured bodies, and 
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the radius (trijya). Mark the directions (north, etc.) 
in these circles. (In the projection) of a lunart eclipse, 
for contact, the valana or deflection should be marked 
along the third circle, from the east point, in its own 
direction. For separation, it should be marked from 
the west point in a direction opposite to its own. In 
both the cases it should be expressed as an R sine. 

In a solar eclipse, for contact, the valana should be 
marked from the west point in a direction opposite to 
its own j and for separation, it should be marked from 
the east point in the same direction as its own. Here 
again, it should be expressed as an R sine. 

In the projection of a solar eclipse, at the time of 
mid-eclipse, if the Moon's latitude is north, the valana 
or deflection should be marked from the north point 
eastward, if its own direction is opposite to that of the 
latitude, and westward, if its own direction is the same. 
Again, if the Moon's latitude is south, the valana or 
deflection should be marked from the south point 
eastward, if its own direction is opposite to that of the 
latitude, and westwards, if its own direction is the same. 
In the projection of a lunar eclipse, the contrary is the 
case. 

(In each case, from the end of the valana or deflection 
thus marked), draw a straight line passing through the 
centre of the concentric circle. (This is called valana- 
sutra). Mark the point where it cuts the circle with 
radius equal to the sum of the radii of the obscuring 
and the obscured bodies. From this point mark along 
the same circle the latitude for contact and separation, 
each expressed as an R sine. In a solar eclipse the 
latitudes should be drawn in their own direction and in 
a lunar eclipse in the opposite direction. 

At mid-eclipse, the latitude should be marked along 
the valanastitra from the centre of the (concentric) circles, 
(towards the valana) . 

In each case, with the extremity of the latitude as the 
centre and the radius of the obscuring body as radius, 
describe a circle (cutting the obscured body). Thus 
are known the points of contact and separation and 
also the obscured part at the mid-eclipse. (30-33) 

(Mark) the three extremities of the latitudes, (at the 
beginnning, middle and end of the eclipse). (Draw) 
two fish-figures, (one passing through the first two points 
and the other through the last two points). Draw 
two lines passing through the mouth and tail of each 
fish-figure. (With the point of intersection of these 
two lines as centre) draw a circle passing through the 
three extremities of the latitudes. This is the path of the 
obscuring body. Then place the hypotenuse from the 
centre (of the concentric circles) just touching the path. 



(In the projection of a lunar eclipse, when the obscured 
portion is increasing, that is between the beginning 
and middle of the eclipse), the hypotenuse must be 
drawn eastward. But when the obscured portion is 
decreasing, (that is, between the middle and end of 
the eclipse), the hypotenuse must be drawn westward. 
In the projection of a solar eclipse, the contrary is the 
case. 

With this point of intersection as the centre, draw the 
obscuring body. Thus is found the obscured portion 
at any time. (34-35) . (BG) 
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— Suryasiddhanta 

Since, without a projection (chedyaka) , the precise 
(sphufa) differences of the two eclipses are not under- 
stood, I shall proceed to explain the exalted doctrine of 
the projection . (1) 

Having fixed, upon a well prepared surface, a point, 
describe from it, in the first place, with a radius of forty- 
nine digits (ahgula), a circle for the deflection (valana), (2) 

Then a second circle, with a radius equal to half the 
sum of the eclipsed and eclipsing bodies; this is called 
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the aggregate-circle (samasa) ; then a third, with a radms 
eiqual to half the eclipsed body. (3) 

The determination of the directions, north, south* 
east, and west, is as formerly. In a lunar eclipse, 
contact (grahana) takes place on the east, and separation 
(moksa) on the west; in a solar eclipse, the contrary. (4) 

In a lunar eclipse, the deflection (valana) for the 
contact is to be laid off in its own proper direction, but 
that for separation in reverse ; in an eclipse of the Sun, 
the contrary is the case. (5) 

From the extremity of either deflection draw a line 
to the centre : from the point where that cuts the aggre- 
gate-circle (samasa) are to be laid off the latitudes of 
contact and of separation. (6) 

From the extremity of the latitude, again, draw a line 
to the central point: in either case, where that touches 
the eclipsed body, there point out the contact and 
separation. (7) 

Always, in a solar eclipse, the latitudes are to be drawn 
in the figure (parilekha) in their proper direction; in a 
lunar eclipse, in the opposite direction. In accordance 
with this, then, for the middle of the eclipse, the 
deflection is to be laid off — eastward, when it and 
the latitude are of the same direction ; when they are of 
different directions, it is to be laid off westward: 
this is for a lunar eclipse; in a solar, the contrary is the 
case. (8-9) 

From the end of the deflection, again, draw a line to 
the central point, and upon this line of the middle lay 
off the latitude, in the direction of the deflection. (10) 

From the extremity of the latitude describe a circle 
with a radius equal to half the measure of the eclipsing 
body: whatever of the disc of the eclipsed body is 
enclosed within that circle, so much is swallowed up by 
the darkness (tamas) . x (11). (Burgess) 

— R 
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1 For elucidation, see Su.Si: Burgess, pp. 178-83. 
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(Bhaskara II, SiSi., 1.5. 226-34) 

— Bhaskara II 

Draw a circle with radius equal to that of the radius 
of the disc of the eclipsed body and also a circle of radius 
equal to r-f p, the sum of the radii of the eclipsed and 
eclipsing bodies; let directions (east etc.) be marked in 
the figure. In the outer circle, draw the valanajyd or the 
R sine of the sphufavalana. In the case of the Moon, the 
valanajyd pertaining to the moment of first contact should 
be marked from the east point and that pertaining to 
the moment of last contact should be marked from the 
west point. In the case of the Sun the reverse is to be 
done. If the valana is south, it should be marked in the 
clockwise direction, otherwise anticlockwise. (26-27) 

Having marked the valanajyd in the form of an R sine, 
draw the line joining the centre to the top of the valanajyd y 
i.e. to the point of intersection of the R sine with the outer 
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circle. The celestial latitude of the Moon is to be drawn 
from this top of the valanajya in the form of an R sine again. 
If the latitude pertains to the moment of first contact, 
it should be drawn from the top of the valanajya pertain- 
ing to that moment, and if it pertains to the moment 
of last contact, it should be laid off from the top of the 
valanajya pertaining to the moment of last contact. (28) 
The celestial latitude pertaining to the middle of the 
eclipse should be drawn from the centre along the line 
of valanasutra or the line joining the centre to the top of 
the valanajya. Taking the extremities of these latitudes, 
circles are to be drawn with the radius of the eclipsing 
body to depict the eclipse at the respective moments. (29) 

First contact etc. 

The bhuja is to be laid from the centre of the Moon 
along its valanasutra or the line indicating the direction 
of the ecliptic; the latitude is to be drawn from the end 
of the bhuja and perpendicular to the bhuja. The 
hypotenuse is to be drawn from the centre of the Moon. 
Taking the point of intersection of the latitude (koti) and 
the hypotenuse, as centre, and radius p equal to that of 
the eclipsing body, if circles be drawn, from these circles 
could be known the points where totality begins and 
ends as well as the magnitude of the eclipse at any given 
moment. Or, these could be found in another way as 
follows. (30-3 la) 

Joining the upper end of the latitude of the middle 
moment of the eclipse to those of the first and last 
contacts, we have what are called the pragrahamarga and 
moksamarga, i.e. the path of the centre of the eclipsing 
body from the first contact to the middle moment to the 
last contact. The lengths of these paths could be com- 
puted and they could be drawn beforehand. Then, 
with the centre of the Moon as centre and radius equal 
to {p — r) if a circle be drawn, it cuts the paths described 
above each in one point. With these points as centre 
and radii equal to p s if circles be drawn, they will touch 
the Moon's disc each in one point which are respectively 
the points of sammilana and unmilana. (31 b-33a ) 

Eclipse at any moment 

Let the product of the time elapsed from the moment 
of first contact and the length of the path of the eclipsing 
body traced from the moment of the first contact to the 
middle of the eclipse divided by the time between the 
moment of first contact and the middle of the eclipse, 
be x. Similarly, let the product of the time before the 
end of last contact and the path of the eclipsing body 
traced between the middle moment of the eclipse and 
the moment of last contact divided by the time between 
the middle moment and the moment of last contact be 
y. Lay off x and y units of length from the first and 
last points of the path of the eclipsing body along the 



path, respectively. Then we get the points of the centre 
of the eclipsing body at the required moments. With 
these points as centre and radius p, if circles be drawn, 
they represent the eclipsing body. The length of the 
diameter of the eclipsed body shaded gives the magnitude 
of the eclipse called grasa. 1 (33b-34). (AS) 



16.22.1. mftKfo^Tl #W fr$dfa+«K<HH - frHflHW^ 11 
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^ (Deva' KR, 2. llb-23) 

— Karanaratna 

With half the diameter of the Moon (in the case of a 
lunar eclipse) or with half the diameter of the Sun (in 
the case of a solar eclipse) , draw a circle, and furnish it 
with the four cardinal points, (lib) 

In the case of a lunar eclipse, lay off the resultant 
valanas for the first and last contacts towards the east and 



1 For explanation, see Si£i : AS, pp. 396-402. 
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west respectively along the circumference in the opposite 
direction 1 (i.e., towards the north or south according as 
the valana is of south or north direction) ; and in the case 
of a solar eclipse, towards the west and east respectively, 
in its own direction (north or south). (And set down 
points there) . (12) 

These points should be declared as the points of the 
first and last contacts of the Moon (in the case of a lunar 
eclipse) or of the Sun (in the case of a solar eclipse). 
Then draw lines proceeding from these two points and 
reaching the centre of the circle representing the Moon 
or Sun. (13) 

Also draw another line joining the north and south 
cardinal points. Starting from the centre, lay off along 
this line the Moon's latitude (for the middle of the 
eclipse) in the contrary direction in the case of the Moon, 
and in its own direction in the case of the Sun. (14) 

Put down a point there. Taking it as centre and the 
semi-diameter of the eclipsing body as radius draw a 
circle by revolving the compass. As is a portion of the 
Sun or Moon seen intercepted by the eclipsing body in 
the diagram, just so is the (actual) Sun or Moon seen 
eclipsed in the sky during the eclipse, (15-1 6a) 

Path of the eclipsing body 

From the centre (of the circle) draw two lines, each 
equal to half the sum of the diameters of the eclipsed 
and eclipsing bodies, towards the east and west, one 
towards the point of the first contact and the other 
towards the point of the last contact. The extermities 
of these lines are the points (denoting the positions of 
the centre of the eclipsing body at the times) of the 
first and last contacts. (The point at the extremity of 
the Moon's latitude for the middle of the eclipse is the 
third point). (16b~17a). 

Now, with the help of these three points construct 
two fish-figures, and keeping one end of a thread at the 
intersection of the head and tail lines of the two fish- 
figures, draw a circular arc (lit. line) through the above 
three points: this is the path of the eclipsing body. 
(17b-18a) 

Now take a thread of length equal to half the sum of 
the diameters of the eclipsed and eclipsing bodies, and 
stretch it from the centre (of the circle towards the east 
and west), as before. Where the other extremity of 
this thread meets the path of the eclipsing body (towards 
the east or west), taking that as centre draw a circle 
with radius equal to that of the Shadow. The point 
where this circle touches the circumference of the Moon, 



1 In fact, only the vik$epa-valana should be of the opposite direction; 
the other two valana s should be of their own direction. 



there lies the point of the first or last contact. This is 
how the points of the first and last contacts are seen 
afterwards ( in the sky) . ( 1 6b-20a) 

Obscuration at the given time (Is$a-gra~sa) 

Diminish (the ghafis of) half the duration of the eclipse 
by the given ghatis, then multiply by the motion- 
difference of the Sun and Moon, and then divide (the 
product) by 60. Add the square of that to the square 
of the Moon's latitude, and take the square root (of that 
sum) . By that (square root) diminish half the sum of 
the diameters of the eclipsed and eclipsing bodies. The 
remainder is the measure of eclipse at the given time. 
(The minutes of half the sum of the diameters of the 
eclipsed and eclipsing bodies) diminished by the minutes 
of the Moon's latitude give the measure of eclipse at the 
time of the middle of the eclipse. (20b-22a) 

Graphical representation of Isfa-grdsa 

Stretch a thread of length equal to the square root 
(obtained in the previous rule) from the centre towards 
the east or west of the Moon, or towards the west or 
east of the Sun (according as the given time relates to the 
first or second half of the eclipse), so as to meet the path 
of the eclipsing body as it stands. At that point draw 
the Shadow. (22) 

Method for hta-grasa 

Multiply the angulas of the measure of eclipse at the 
time of the middle of the eclipse by the given time 
(elapsed since the first contact or to elapse before the 
last contact) in ghatis and divide (the product) by (the 
ghatis of) half the duration of the eclipse: the quotient 
gives the measure of eclipse at the given time, in terms 
of angulas. (23). (KSS) 
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3Fij?r TFft^T R^rd+M^'siW^^' II % II 

(Varaha, PS. 7.1-6) 

Solar eclipse computation: —Paulina Siddhanta 

Parallax of longitude 

Find the interval between midday and the sine of 
new moon, in nadis. Multiply this by 6. Degrees are 
got. Find its sine. Divide it by 30. The result is the 
parallax in nadis, to be deducted from the time of new 
moon is before midday, and to be added to the time of 
new moon, if after midday. The new moon corrected for 
parallax in longitude is obtained. (1) 

Parallax in latitude 

(i) Multiply the degrees of latitude by 5 and divide 
by 27. Add or subtract the resulting degrees, respec- 
tively, to Rahu's head or from Rahu's tail, where the 
moon is situated, (ii) Add three rdsis to the Moon, 
and find its declination in degrees. This multiplied by 
the nadis of parallax (given by verse 1) and divided by 
18, are to be added to the Head if it is forenoon, and 
Uttarayana {i.e., the Sun is in his northward course), or 
afternoon and Daksindyana. The degrees are to be 
subtracted from the Head, if it is forenoon and Daksi- 
ndyana or afternoon and Uttarayana. For the Tail, the 
addition and subtraction should interchanged. (2-3) 

(iii) Take the nadis from sunrise to new moon, if 
forenoon, the nadis from new moon to sunset if afternoon. 
Multiply these by the degrees of the moon's declination, 
and divide by 80, The resulting degrees are to be added 
to the Head if the moon's longitude is between 6 and 
12 rdsis, and subtracted if between and 6 rdsis. For 
the Tail, interchange the addition and subtraction. (4) 

Computation 

Deduct 1° 36' from Rahu, and find the Moonr^Rahu, 
in the case of the lunar eclipse. Deduct 1° 36' from 
Rahu corrected (by verses 2-4), and find Moonr-'Rahu, 
in the case of the solar eclipse. If the difference is less 
than 13° there is a lunar eclipse, if the difference is 
less than 8°, there is a soJar eclipse; (otherwise not). (5) 

For the lunar eclipse, deduct the square of the 
difference from 169, find its square root, and take three 
fourths of it. This is the total duration in nadis. For 
the solar eclipse, deduct the square of the difference 
from 64, find its square root, and take three fourths of 
it. This is the total duration in nadis. x (6). (TSK) 



i i.e., nadis of total duration=J\/ 169— (moon^Rahu)* or 

64— (moon^Rahu)* respectively. Half this subtracted or 
added to the full moon, or parallax corrected new moon, gives the 
times of first and last contacts. For details see PS: TSK, 7. 1-6. 
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(Varaha, PS, 8. 9-16) 

— Romakasiddhanta 

Parallax in longitude 

Find the interval between mid-day and the time of 
new moon, in nadis. Multiply this by 6. Degrees are 
got. Find its sine. Divide it by 30. The result is the 
parallax in nadis to be deducted from the time of new 
moon if new moon is before mid-day, and to be added 
to the time of new moon if after mid-day. The new 
moon corrected for parallax in longitude is obtained. (9) 

Declination of the Nonagesimal 

At any time (for which the zenith distance of the 
nonagesimal, ZDN, is derived), find the orient ecliptic 
point (OEP). Add nine Signs to it. (This point is 
called the nonagesimal). Find its declination. (10) 

Subtract the Head of Rahu from the nonagesimal, 
find its sine, double it, and add a sixth of the quantity 
got by doubling, (i.e., find the latitude of the Moon 
supposing it to be situated at the nonagesimal). Add 
this to the declination found above if both are of the 
same direction, and subtract it from the declination if 
they are of different directions. (Thus the declination 
of the nonagesimal is corrected.) (11) 
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The north declination, being less, and therefore 
deducted from the latitude of the place, the remainder 
(which is the ZDN) is south. The south declination 
.must be added to the latitude, and the sum (forming 
the ZDN) is north. The part of the north declination 
greater than the latitude, (i.e., the remainder after 
deducting the latitude from the north declination, 
which forms the ZDN), is north. (12) 

Correction to the parallax and diameter of the orbit 

Multiply the true daily motion of the Moon by the 
sine of the ZDN thus found, and divide by 1800. This 
is the parallax correction for latitude. The mean 
angular diameter of the Sun is 30 minutes, and that of 
the Moon, 34 minutes, (according to the Romaka). (13) 

Twentyone, multiplied by the sine of (Sun or Moon 
at new moonr-'Rahu) and divided by nine is the latitude. 
This, with the parallax correction added is the parallax- 
corrected latitude, when both are of the same direction. 
When of different directions, their difference is the 
corrected latitude. (14) 

True diameter of the orbits 

The mean angular diameters of the Sun and the Moon, 
respectively, multiplied by their true daily motions and 
divided by their mean daily motions, the true angular 
diameters at the time of eclipse. 1 (15) 

Moment of the eclipse 

Subtract the square of the parallax-corrected latitude 
from the square of the sum of the semi-diameters. The 
square root of the remainder, multiplied by two, is the 
number of minutes of arc giving the duration. These 
minutes multiplied by 60 and divided by the minutes of 
the relative true daily motion gives the time of duration 
in nadikds. 2 (16). (TSK) 

— ^i<r^w: 
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1 I.e. , (i) the angular diameter of the Sun=30' X Sun's true daily 

motion-r59. 

(ii) The angular diameter of the Moon= 34' X Moon's true 
daily motion— 791. 

2 For the rationales and the working, see PS:TSK, 8. 9-16. 
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(Varaha, PS, 9. 15-27) 

— Saurasiddhanta 

Kaksd of the Sun and the Moon 

The Sun's radius vector multiplied by 5347 and 
divided by 40 is called its kaksd. The Moon's radius 
vector multiplied by 10 is its kaksd. (15) 

Measure of the orbit 

Divide 5,14,787 by the Sun's kaksd, and 38,640 by 
the Moon's, to get the respective angular diameters in 
minutes at the time/ (16) 

Find the interval between midday and the moment 
of new moon. If the Sun is east of the meridian, (i.e., 
if new moon falls in the forenoon), find the degrees of 
right ascension corresponding to this time using the 
ascensional differences of zero latitude, (Lankodaya- 
mdna), backwards from the Sun. Subtract these 
degrees from the Sun (—Moon) of the moment of 
new moon. If the Sun is west of the meridian, (i.e., 
if new moon is in the afternoon), find the degrees cor- 
responding to the interval counting forward from the 
Sun and add to the Sun (=Moon). (17). . 
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The merdian point of the ecliptic (madhya-lagna) is 
obtained. Find its declination, north or south. If 
north, find the difference between the declination and 
the latitude of the place. If south, add them. The 
sine of the result is called madhyajyd, (i.e., sine zenith 
distance) of the point. (18) 

Drkksepa of the Sun 

Find the sine of the longitude of the Orient Ecliptic 
point (OEP) at new moon, multiply by the sine of 
maxium declination, 48' 48", and divide by the sine 
of the colatitude. (This is sine amplitude of OEP, 
called udayajyd.) Multiply this by the sine of the zenith 
distance, (ZD) of MEP, already found, and divide 
by 120'. Square the result and subtract from the square 
of the sine ZD, of the MEP. (19) 

Set the remainder in two places. In one place, find 
its square root. This is the sine of the zenith-distance 
of the nonagesimal (ZD of N) called the Sun's drk- 
ksepa.^ Keep this aside for future work. (20) 

Gnomon 

Subtract from 14,400 the square of sin ZD of N, 
(kept unused in the other place in the previous work,) 
and find its square root. Multiply this by the sine of the 
distance between the Sun and the OEP, and divide 
by 120'. The result, which is the sine of the Sun's 
altitude, is called sahku, i.e., the Sun's sahku. (21) 

Subtract the square of the Sun's sahku obtained 
above from 14,400. From the remainder subtract the 
square of the Sun's drk-ksepa kept apart in the previous 
work and find its square root, technically called drggati. 
Multiply this by 18 and divide by each of the kaksds 
of the Sun and the Moon. (22) 

Find the respective arcs (in minutes) and get their 
difference. Treat this as the minutes of titfti and find 
the tithi-nddikds for this. Subtract the nddikas from 
the time of new moon if forenoon, and add, if afternoon. 
The parallax-corrected new moon (PGN) is deter- 
mined. Repeat the operation of finding the PGN, 
till there is no difference (in time) in two successive 
operations. This is the PGN (to be used in the sub- 
sequent work.). (23) 

Parallax in latitude 

Take the sine ZD of N last obtained in the successive 
approximation, multiply by 18, and divide by the 
respective kaksds. The respective sine parallax in lati- 
tude is got. The arc of their difference is the relative 
parallax in latitude and its direction is that of sine ZD 
of MEP {i.e., of M from Z). (24) 

The Moon's latitude at the time taken is to be got 
by using the sine (of MoonWlahu), and this is to be 



added to or subtracted from the parallax correction 
in latitude, (according to their direction). This is the 
parallax-corrected latitude. This is to be determined 
separately for each of the times separately, and from 
them the times of total obscuration and total duration 
are to be got. (25) 

Subtract the square of the parallax-corrected latitude 
from the square of the sum of the semi-diameters of 
the Sun and the Moon and find the square root. 
Double this, and find the time for it, treating it as the 
motion of tithi. (The duration of the eclipse is got.) (26) 

Find the nddis of parallax for the time of the begin- 
ning. If the time of beginning and the new moon are 
both in the forenoon or both in the afternoon, find the 
difference of the nddis of parallax and add it to the half 
duration to get the correct half duration, (to be sub- 
tracted from the time of the corrected new moon). If 
one is before noon and the other afternoon, add the 
nddis of parallax, and add it to the half-duration, to 
get the correct half duration (to be subtracted from 
the time of parallax-corrected new moon). Do the 
same for the sine of the end of the eclipse (to find the 
correct half duration to be added to the parallax- 
corrected new moon, to get the correct last contact). 1 
(27). (TSK) 

— STpiN^tolSHMMST: 

16. 26. 1. fq ^^H I M^r^ #TT ^i^rd^^i^H l d I 

^d^ l ^ l &*Rrd^m£d : W-T f^TT II <\ II 

^nrfsnF STJPJ'T f^WHlpTl^M^^d II ^ II 
q- ^rd^vlM^HII^^M ^f^rr ^ftorfV: I 
'^Tfej'fcTT fc^T ^^1^-1^1*11^ I a 1 1 

^'IM^drd^ l l^faflM^ I: «HMfofft: I 
KH^H^ Frer^T f^RTRT f^rfa^r £M^K1I<1 I 

< W ferf^rW fe*reM*r 1 1 k i i 

3rftp£sfei <*> | «-d M H d ?l # ^TSR^t I 
d3<W*|d*j4d«M ^11^11 
(Brahmagupta, KK 9 1. 5. 1-6) 

— Sryabhafa's Midnight system 

Find the sum or difference of the krdnti and viksepa 
of the vitribha-lagna and the latitude of the place. Sub- 
tract the result from 90° and find the jyd of the remainder. 
Divide the square of half the trijyd by this jyd. Divide 
the jyd of the difference of the longitudes of the Sun 
and vitribha-lagna by this result. Thus is obtained the 



x For detailed elucidation and rationale involved, see PS:TSK y 
9. 15-27, 
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lambana in terms of gkatikas, etc. This time should be 
added to or subtracted from the instant of conjunction, 
according as the Sun is less or greater than the vitribha- 
lagna. This process should be repeated (till the time 
is fixed). (1-2) 

The jya of the degrees, etc., in respect of the Sun or 
difference of the krdnti and the viksepa of the vitribha- 
lagna and the latitude of the place, multiplied by 13 
and divided by 40, gives the avanati. 

Find the viksepa of the Moon from its longitude at 
the instant of conjunction. The sum or difference of 
the avanati and the viksepa, according as they are in the 
same or different directions, gives the sphutaviksepa of 
the Moon. This should be used to calculate, as in the 
case of the lunar eclipse, the half duration in ghatikds 
of the solar eclipse or of the total obscuration. (,3-4) 

As before, the lambana should be calculated by repeated 
process from the instant of apparent conjunction of 
the Sun and Moon, decreased or increased by the 
duration of the first or second half of the eclipse, re- 
spectively, till it is fixed. When the lambanas for the 
beginning and middle of the eclipse, that is the sparsa- 
lambana and the madhyalambana, are both subtractive, 
and the former is greater than the latter, and when 
both are additive, and the former is less than the latter, 
then their difference, when added to the duration of 
the first half of the eclipse, gives its corrected duration. 
When the sparsalambana and the madhyalambana are 
both subtractive, and the former is less than the latter, 
and when both are additive, and the former is greater 
than the latter, then their difference, when subtracted 
from the duration of the first half of the eclipse, gives 
its corrected duration. Again, when the sparsalambana 
and the madhyalambana are of different denominations, 
then their sum, when added to the duration of the first 
half of the eclipse, gives its corrected duration. In the 
same manner, the correct duration of the first half of 
the total eclipse is calculated. Similarly, ope can find 
the correct duration of the second half of the eclipse 
or of the total obscurations. (5-6) ^ (BC) 

16. 27. la. ^TR^Tf^TT f^TT M <H*\ fctti^ I I 

H^l^ flt sq^^k: snftlw: II T II 

firf^sm^r^^ft sitet <tcT<rt: 11 ^ n 



1 For formulae involved and the rationale, see KK.BC, 1. 123-1 



(Bhaskara I, LBh. t 5. 1-4) 

— Bhaskara I 

Specialities 

Multiply the radius by the R sine of the colatitude and 
divide by the R sine of the (Sun's) greatest declination : 
the result is called the local divisor. (1) 

Having calculated the asus (of the right ascension) 
of the traversed portion of the Sun's Sign, by proportion 
with the right ascensions of the Sun's Sign, and (then) 
having subtracted them from the asus between the 
times of geocentric conjunction of the Sun and the 
Moon and midday, subtract the traversed portion of 
the Sun's Sign from the Sun's longitude. From the 
remainder, also subtract in the reverse order, as many 
Signs as have their right ascensions included (in the 
remaining asus) (as also)) the degrees and minutes (of 
the fraction) of a Sign, if any. The result (thus obtained) 
is known as the (tropical) longitude of the meridian 
ecliptic point in the forenoon. 

(When the geocentric conjunction of the Sun and 
the Moon occurs) in the afternoon, addition should be 
made of the untraversed portion of the Sun's Sign, 
etc. (2-4a) 

From that (tropical longi tude of the meridian ecliptic 
point) diminished by the longitude of the Moon's 
ascending node, calculate the celestial latitude north 
or south, (as the case of the Moon). (4b). (KSS) 

ozrcfs^^T qv$s® ^fff^r Preftspfa II % II 

epcrr Wfswt *ftsyH^H: u * n 
q^m: srtsw sn^r wjcfl^A u e it 

^RFT glW I WA PPK^Tc? fe|gpTT ll ^o II 
(Bhaskara I, LBh. y 5. 5-10) 
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Drkksepa 

Take the sum of the decimation of the meridian 
ecliptic point and the celestial latitude (calculated 
from the tropical longitude of the merdian ecliptic 
point), and of the (local) latitude when they are of 
like direction and the difference when they are of un- 
like directions, the directions of the remainder (in the 
latter case) being that of the minuend. (The R sine 
of the sum or difference is) the madhyajyd. By that 
multiply the R sine of the bhujd of the tropical longi- 
tude of the rising point of the ecliptic and divide (the 
product) by the (local) divisor (defined in stanza 1). 
Square whatever is thus obtained and subtract that 
from the square of the madhyajyd. The remainder is 
the square of the R sine of the drkksepa. (5-7a) 

Drggatijya 

Having added that (square of the drkksepajya) to the 
square of the R sine of the instantaneous altitude (of 
the Sun), subtract that from the square of the radius: 
(the result is the square of the drggatijyd). (7b-8a) 

Lambana 

Having divided the square root thereof by 191, 
further divide the quotient by 4 and a half; the result 
in nddis is the time known as lambana in the case of a 
solar eclipse. It is subtracted from the time of (geo- 
centric) conjunction if the latter occurs in the forenoon 
and is added to that if that occurs in the afternoon. To 
get the nearest approximation for the lambana, (i.e., the 
lambana for the time of apparent conjunction of the Sun 
and Moon), one should similarly perform the above 
operation again and again with the help of the time 
of (geocentric) conjunction. (8-10). (KSS) 

16. 27. 1c. 



TZVFffa: FggT II *\R tl 
(Bhaskara I, LBh., 5. 11-12) 

Nati 

Multiply the R sine of the drkksepa obtained by the 
method of successive approximations, 1 (i.e., multiply 
the R sine of the drkksepa for the time of apparent 
conjunction) by the difference between the daily motions 
(of the Sun and Moon) and divide by 51,570: the result 
is (the nati) in minutes of arc, etc. (11) 



1 While finding the nearest approximation to the lambana for the 
time of apparent conjunction by the method of successive approxi- 
mations, the R sines of the dfkke$epa and the drggati were calculated 
at every stage. By the R sine of the dfkke$epa obtained by the 
method of successive approximation is here meant the value of the 
,R sine of the dfkfyepa calculated at the last stage, which corresponds 
to the time of apparent conjunction. 



(The nati) and the Moon's latitude for that instant 
should be added if they are of like directions and sub- 
tracted if they are of unlike directions: thus is obtained 
the true latitude (of the Moon) in the case of a solar 
eclipse. (12). (KSS) 

— ^Ff: 

16. 28. l. are <fay^ir^w>€i*ft <rg3*r ft^fcr hP^^m i 

P<M* V^H ¥1 1* <U feq iH <H4$HM<~Ki?i Pd*ft I ^ II 

f^Rr <^dk<3d *r%r f^rr *msf Tf% 
y^f^ii faart i^dfaRFTT frofftf : i 

dr^lPrHIWif^dl: FTfe^ftSSTWTT 
*T*n^T: fwf^frf^TT: I 

d^l ^WtKPtoT f^TWTWT- 

faiMNHV4(H ^ ^r«HH^$ : II 3 II 




^T^PTT PTT^TrfW ^TT II V II 

f^RT|f%TO^ TO It K II 

d^l(d^^<*ft>d*TNl- 

flMTO I 
av^fdHId ^K^d^lM 

fe^cTFT g^ffl^fif^ II \ II 

'jhitA ^fe^T^r 

^ fifsft fesftcf *PT: II II 

'^HI^^lP^KI^Nr'^ 

ft^mH ^TR tifd+lR W II s II 

5^mT (iP^lfd: '*sW^N'- 
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4gw$^wi+<Hi: ^ftfpfr: n n 

&dM Iw^f^ f^r^TKt- 
dldl<4 dfc^fd^ ^Tf^T ^TTSq- II H 

MMilH^H^fe^ ^ ^rfa *ftST 

TOT ^d*H^^>d+)Pd: II II 

5TTf : FT^Rt^^R": P^Pd^SW: F5^T STR# 

"(Lalla, SiDhVf., 6. 1-16) 

— LaUa 

Data for computing the solar eclipse 

One who intends to ascertain a solar eclipse, must 
first find the true longitudes of the Sun, the Moon and 
its Ascending Node, on the fifteenth day of the dark 
half of the lunar month at sunrise. (1) 

Meridian ecliptic point 

(To find the meridian ecliptic point or madhyalagna) , 
the time when the Amavasya or new moon ends, if 
before midday, should be added to half the duration 
of the night and the true longitude of the Sun should be 
increased by 6 Signs. The lagna calculated from these 
by means of the times of rising of the Signs of the zodiac 
at Lanka, according to the methods given above, is 

1 7_* 



called meridian ecliptic point by the wise. If the time 
when the Amavasya ends is after midday, it should be 
diminished by half the duration of the day and the true 
longitude of the Sun should be considered without any 
change and the lagna calculated. (This, again, would 
be the meridian ecliptic point). (2) 

R sine altitude at the Meridian ecliptic point 

The latitude of the observer's station, expressed in 
degrees, increased or diminished by the declination 
corresponding to the longitude of the meridian ecliptic 
point, according as they are in the same or opposite 
direction, is called madhya. Its R sine is called madhya- 
jyd. The R sine of 90° minus the madhya is called the 
s'anku or R sine of the altitude of the madhya. (3) 

R sine amplitude of the rising point of the ecliptic 

Calculate the lagna for the time between sunrise and 
the end of the amavasyd y using the local times of rising 
of the Signs of the zodiac. Multiply the R sine of the 
longitude of this lagna by the R sine of 24° and divide 
by the R sine of the colatitude. The result is called 
udayajya (or R sine of the amplitude of the rising point 
of the ecliptic). (4) 

Ecliptic zenith distance 

When the udayajya is multiplied by the madhyajyd and 
divided by the radius, the result is called bdhu or base. 
The square root of the difference of the squares of 
the madhyajyd and the bdhu is called drkksepajyd (or R 
sine of the ecliptic zenith distance) . (5) 

Syzygy corrected for parallax in longitude 

The difference between the squares of the drkksepajyd 
and that of the R sine of the Sun's zenith distance at 
the end of the Amavasya, is called the square of the 
drggatijyd. Find its square root and multiply it by 525. 
Divide the product severally by the distances of the Sun 
and the Moon from the Earth. 

Find the difference of the two quotients. Multiply 
it by 60 and divide by the difference of the motions of 
the Sun and the Moon. The result is the parallax in 
longitude in ghatikas or lambana (at the mid-eclipse). 
It should be applied positively, (or negatively as the 
case may be) , to the calculated time when the Amavasya 
ends. The parallax should be repeatedly calculated 
(and applied till the time is fixed) . (6-7) 

Or, the R sine of the hour-angle at the Amavasya 
multiplied by the R sine altitude of the meridian ecliptic 
point and divided by 29,54,961, gives the parallax in 
ghatikas at the mid-eclipse. (8) 

Or, the drggatijyd divided by 860 gives the parallax 
in ghatikas. It should be added to the calculated time 
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when the Amavasya ends, if the Sun is in the western 
hemisphere, and subtracted, if in the eastern hemisphere. 
(The result is the time once corrected.) The longitudes 
of the Sun and the Moon must be found for this correct- 
ed time by adding or subtracting the minutes resulting 
(from the motions according as the parallax is additive 
or subtractive) and hence again the parallax. This 
process must be repeated (till the parallax and the time 
are fixed). (9) 

When the Sun is on the meridian, the parallax, if 
any, should be added to the (calculated time) when the 
Amavasya ends, provided that the Moon is to the south 
of the Sun. If the Sun is to the south of the Moon, the 
parallax should be subtracted. (10) 

Parallax in latitude 

Multiply the drkksepajyd by 525 and divide severally 
by the distances of the Sun and Moon from the Earth. 
The difference of the results in minutes is called nati or 
parallax in latitude. Its direction is the same as that 
of the madhyajya. 

Or, the drkksepajyd multiplied by the differences in 
the true motions of the Sun and Moon and divided by 
51,570 gives the parallax in latitude. 

The latitude of the Moon increased or diminished by 
this parallax according as they are in the same or 
opposite directions, is the corrected latitude. (11) 

Application of the parallaxes 

Calculate the first and second half of the duration of 
the eclipse and of the total eclipse, following the method 
given for the lunar eclipse. From the corrected time 
when' the Amavasya ends subtract the first and add to 
it the second half of the duration of the eclipse. (The 
results are approximately the times when the eclipse 
begins and ends, respectively.) Then, from these times 
calculate the parallax at the beginning and end of the 
eclipse, and apply them (in the manner given in the 
next two verses) to the approximately calculated half 
durations. 

Repeat the process till these times are fixed, (which 
are then the apparent or sphuta durations of the first and 
second halves of the eclipse). (12) 

If the parallax for the beginning of the eclipse is 
greater than that for the middle of the eclipse and both 
are subtractive, and if the parallax for the end of the 
eclipse is less than that for the middle of the eclipse and 
both are subtractive, add their differences to the appro- 
ximately calculated first and second half of the duration 
of the eclipse. 

If the parallax for the beginning of the eclipse is less 
than that for the middle of the eclipse and both are 



additive, and if the parallax for the end of the eclipse 
is greater than that for the middle of the eclipse and both 
are additive, then also add their differences respectively 
to the approximately calculated first and second half 
of the duration of the eclipse. 

If the parallax for the beginning of the eclipse is less 
than that for the middle of the eclipse and both are 
subtractive, and if the parallax for the end of the eclipse 
is greater than for the middle of the eclipse and both are 
subtractive, then, subtract their differences respectively 
from the first and second half of the duration of the 
eclipse. 

If the parallax for the beginning of the eclipse is greater 
than that for the middle of the eclipse and both are 
additive, and if the parallax for the end of the eclipse 
is less than that of the middle of the eclipse and both are 
additive, then also subtract their differences respectively 
from the first and second half of the duration of the 
eclipse. 

If the parallax for the beginning of the eclipse is 
different in denomination from that for the middle of the 
eclipse or if the parallax for the end of the eclipse is 
different in denomination from that for the middle of the 
eclipse, then always add their sums to the first or second 
half of the duration of the eclipse (as the case may be). 
The result in each case is the apparent {sphuta) half 
duration of the eclipse. 

If there is parallax when drkksepa and drggati are equal 
it should be added to the half duration of the eclipse. 
(13-14) 

Computation of the eclipse 

The same rule is applicable for calculating the first 
and second half of the duration of the total eclipse. 
When the apparent duration for the first half and the 
second half of the eclipse are respectively subtracted or 
added to the apparent time when the Amavasya ends, 
(the results are the apparent times for the beginning and 
end of the eclipse, respectively). 

Then calculate the Moon's correct latitude at these 
times in the same manner as the latitude at the mid- 
eclipse is calculated. 

When the obscured portion at any given time is 
required, calculate the Moon's correct latitude for that 
time, and this is the koti or perpendicular. (15) 

Then calculate the bdhu or base (as above). Multiply 
it by the (approximately calculated first or second) half 
of the duration of the eclipse, as the case may be, using 
the corrected latitude, and divide by the apparent 
duration of the first or second half. The result is the 
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corrected base. The remaining process (to find the 
. obscured portion at any given time) is the same as that 
in the case of the Moon. 

Again when the obscured portion is given, and the 
corresponding time is required, follow the process as 
given above. Then multiply this time by the apparent 
duration of the first or second half of the eclipse, as the 
case may be; and, using the corrected latitude, divide 
by the approximately calculated duration. The result 
is the more correct time. This should be subtracted 
from the half duration. Repeat the process till the 
time is fixed. 1 (16). (BC) 

— ^iftWH: 

16. 29. la. ^rwRnm mfir ^4i^lfaH)«AMl I 

. (ABh. II, Mate., 7. 1-3) 

— Maha siddhant a 

Parallax of longitude 

In the operation, (in which the projection of) the 
elevation of the lunar cusps is the main (part), determine 
the latitude of the Moon etc., after finding out (the 
longitudes of) the Sun and the planet, in east at sunrise 
and in west at sunset. (1) 

Diminish the radius by the versed sine (vyastajyd) (of 
the planet in a) given progress. Multiply (the remain- 
der) by the latitude {saw) and by 1398, and divide by 
the square of the radius: the result in minutes etc. is the 
correction for ecliptic deviation (ayana)? (2). (SRS) 

Multiply the perpendicular-sine by the latitude (isu) 
and divide by 8455. (The quotient) is to be subtracted 
from (the longitude of) the planet, when the correction 
and the latitude are of the same direction, and added 
when of opposite (direction ; the result) is the planet's 
longitude, as corrected for ecliptic deviation (dyana- 
kheja)* (3). (SRS) 



1 For elucidation and demonstration, see, §iDhVf: BC. S 
II. 131-42 

a For the rationale, see Maha: SRS, II. 130-33. 

3 From the previous verse, the correction for ecliptic deviation in 

sin gr. decl. x (R — versed sine) x latitude 

minutes = 

R* 

1 398 x perpendicular-sine x latitude 

1,18,19,844 

perpendicular-sine x latitude 
= approximately. (3) 

For the rationale, see Maha\SRS,ll. 130-36. 



16. 29. lb. ta^WTW 5T|cf ftr^n^ *rter I 

(ABh. II, Maha, 7.4) 

Parallax of latitude 

Multiply the equinoctial shadow (visuvadbte) by the 
latitude, and divide by 12; (the result, when the latitude 
is north, is to be added to the (longitude) of) the planet; 
(when the latitude is) south, is to be subtracted in the 
western (hemisphere. The operation is) reverse in the 
eastern (hemisphere) . This is the operation for latitude 
(aksakarman). 1 (4). (SRS) 

16. 29. lc. fewFq" fa¥#i$fk e C*$?M <<H I H $M <TrT I 

ftt ^PT *iW»K4iM f^T ^TT II ^ II 

(ABh. II., Mate., 7. 5-6) 

Application of parallax 

Of (the sines of) the declination of the Sun and of the 
Moon (take) the difference, (when both are) of the 
same (direction) and the sum, (when they are) of opposite 
(direction) (A). Multiply the sine of the difference (in 
longitudes) of the Moon and the Sun by the sine of 
latitude and divide by the radius. By the quotient in 
degrees, which are south, correct (the above difference 
or sum, A) and divide by one sixth of the sine of the 
difference (in longitude of) the Moon and the Sun. 
(The quotient), multiplied by the diameter of the Moon 
and divided by 12, is the deflection (valana), (whose) 
direction is to be known as the same as the correction 
above. (5-6). (SRS) 

16. 30. la. <^lkl=bM'Sft- m\ 

d<HHH ^% ^ crfar || <\ n 

SPTW *HdJM II ^ II 

W^T^T^TW ^<l^=bl^S: II 3 II 



1 For the rationale, see Maha : SRS, II. 137-46. 
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*$<il^$d *T ^T^T^4>M : II \3C-d II 
*T ^ W rTT^T I 

sftsiTsq% f%f^r#sfEf^s?fTTa; 

^K^f J^t^SRT II *Ra-b II 

(Bhaskara II, 1.6. 1-4, 7c-d, 10-1 2b, 14od) 

— Bhaskara II 

Parallax in longitude and latitude 

Inasmuch as the observer who is situated on the 
surface of the Earth and as such elevated by the radius 
of the Earth from the centre thereof, perceives not the 
Sun and the Moon having the same longitude at the 
moment of conjunction, to be in the same line of sight, 
their height being depressed unequally having different 
orbits, so I proceed to elucidate what are called lambana 
and nati, i.e. parallax in longitude and latitude, on which 
account they are not in the same line of sight. (1) 

Compute the lagna at the moment of conjunction of the 
Sun and the Moon. There will be no parallax in 
longitude when the Sun is situated at the point called 
vitribha or the point whose longitude is =L— 90°, 
(L being the longitude of the lagna, i.e. the ascendant 
which is the point of intersection of the ecliptic with the 
horizon) . If the Sun's longitude falls short of the longi- 
tude of the vitribha or exceeds it, there will be parallax 
in longitude which will be positive in the foimer case 
and negative in the latter. (2) 

Compute the R cosine of ZV, by calculating the 
rising time of AV, the kujyd, dyujya, and antyd pertaining 
to V, (as was formulated in the Triprasnddhikdra) , then 
R sin V., multiplied by 4 and divided by R, and again 
multiplied by R cos ZV and divided by R again gives 
the parallax in longitude. (3-4) 



The time of the ending moment of new moon, i.e. 
the moment of geocentric conjunction, is to be rectified 
by this parallax in longitude, to get the moment of 
apparent conjunction by the method of successive 
approximation. (7od) 

Parallax of latitude 

R sine ZV is called the Drkksepa of the Sun, which is 
considered to be north in case the northern declination 
of the vitribha is greater then <j>, the latitude, otherwise 
south. (10) 

Then the sum of ZV and the latitude of V, assuming 
V to be the Moon or the difference of the above two, 
as the case may be, according as both of them are north 
or of opposite directions, gives the arc whose R sine is 
the drk-ksepa of the Moon. The drk-ksepas of the Sun 
and the Moon multiplied, respectively, by 1/15 part of 
their daily motions and divided by the radius R (equal 
to 3438') are the parallaxes of the Sun and the Moon in 
latitude. The sum or difference of these parallaxes 
according as they are of opposite or the same direction, 
is the true parallex in latitude in the context of a solar 
eclipse. (llb-12b) 

The apparent latitude of the Moon is equal to the 
algebraic sum of its geocentric latitude and the parallax 
in latitude. From this apparent latitude are to be 
calculated the sthiti-khanda and marda-khanda of the solar 
eclipse (by the method described in the chapter on 
lunar eclipse, taking the eclipsing body or grdhaka to be 
the Moon and the eclipsed or grdhya to be the Sun). 1 
(14c-d). (AS) 

16. 30. lb. frp^-a-pT JlfiildHldld f^Thlft+NHH 

#ETT 5Tfl^fr^f?l^HAIH«4 WRTH^il 1 1^1 1 

*W ^T%f1^fd^^i ^ I 

«'tfHHV4WH*M t^PT II <\% II 

(Bhaskara II, SiSu, 1.6. 15-16) 

Sparsakdla, Moksakdla, Sammilanakdla and Unmilanakdla 
First compute the time called sthiti-khanda (as 
mentioned in the chapter on lunar eclipses). The 
ending moment of local Amavasya or what is called the 
moment of local conjunction is known as the madhya- 
grahakala or the moment of the middle of the eclipse. 

1 For a detailed exposition and rationale of processess, see Si£i: 
AS t pp. 408-36. See also fig. 92 there. 
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Subtract the sthiti-khanda from the computed time of 
geocentric conjunction; the result will be the approxi- 
mate sparsakala. This has to be rectified for parallax 
in longitude as well as the approximate madhyagrahakdla 
of geocentric conjunction to obtain the local sparsakala 
and the local madhyagrahakdla. Similarly, the mokaskdla, 
the sammilana and the unmilanakdlas are to be rectified 
for parallax in longitude. (15) 

But while effecting this correction for the parallax 
in longitude, the Moon's latitude also differs for the 
corrected time which, in turn, affects the durations of 
sthiti-khanda, moksa-khanda etc. Correcting the first 
computed sthiti-khanda, moksa-khanda etc. for this varia- 
tion in the latitude, and subtracting the sthiti-khanda 
from the time of madhya-graha, we have better approxi- 
mation for the spars a-kdla. Inasmuch as parallax in 
longitude, that in latitude, and the Moon's latitude vary 
from time to time, and the times of spars' a, madhyagraha 
etc. are affected by them, the process of computation 
proceeds by the method of successive approximation. 
Subtracting the rectified marda-khanda from the rectified 
madhyagrahakdla, we have the true sammilanakdla; 
similarly adding the former to the latter we have the 
true unmilanakd la. (16). (AS) 

16. 30. lc. m ±*i ±*t I 

«TTg : FTK wnft: II ^ II 

(Bhaskara II, SiSi., 1.6. 18-19) 

Computation of the eclipse 

The remaining work proceeds on the lines indicated 
in the chapter on 'Lunar eclipses' (i.e. the computation 
of the bimba-valana, bhuja, koti and the like is to be done 
as indicated there). The bhuja will be rectified by 
multiplying it by the sthiti-khanda obtained by adopting 
the latitude of the Moon effected by parallax in latitude 
and divided by the sthiti-khanda rectified for parallax in 
longitude. (18) 

Similarly, given the grdsa, i.e. the magnitude of the 
eclipse, the result found before by verse 15 in the chapter 
on 'Lunar eclipses', is to be multiplied by the sthiti-khanda 
rectified for parallax in longitude and divided by that 
obtained adopting the latitude of the Moon effected by 
parallax in latitude, and the result so obtained being 



subtracted from the sthiti-khanda, we get the isia-kala. x 
(19). (AS) 



16' 30. Id. 



4dfcW c W^[ WWMt: II ^ II 

-O w 

^ '^T^ # *fl*Hlfd fef^T II ^3 II 

(Bhaskara II, SiSi., 1.5. 21c-23) 

R cos ^ x R sin ^ t> • a u a • + u 
- = R sin where v is the ayana- 

R cos 8 

valana. The direction of this valana is that of the hemi- 
sphere north or south in which the Moon lies. 2 (21-c 22a) 

The R sine of the sum of difference of the two valanas 
according as they are of the same or opposite directions, 
multiplied by the sum of the angular radii of the Moon 
and Rahu, and divided by the radius gives the R sine of 
the Sphuta-valana. Those who said that the valana is 
proportional to the R versine, do not know spherical 
geometry properly. 3 (22b-23). (AS) 



16.31.1. Mc<T^ft^<^H I ^^R<iiiWHHM^lfH I 

crftwh^ ct^t ^swmr fa£<r: 1 1 \ 1 1 



1 For the rationale, see SiSi iA<S 3 pp. 438-45. 

2 For a detailed demonstration and rationale, see Si&: AS, 
pp. 375*91. 

* For ati exposition, see SiSitAS, pp. 391-92. 
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ftWMWWHd: M^dl^ld: *WMfofi: I 
^ ^jdR^ f^^iwr f^TTsPr Tm\ n =; it 

^dft^MMHcft wRiwum wfe iis.ii 

f^T Tftsff ^rf^rf%sS c r^cRf : ^frt: ii v ii 

^^1: TTf II <n II 





41^1 $cW<4£<*ITSS 
+ Mf«Ml^ll 



^jeMl^d^* ill^mH+^ftH^ II <\1 II 

^HHM Whfcl f^TS fafaft*Sd F££ II ^ II 
'tt^'^J <pffa"'^ ^1 Rflfw'SRnf 'pM I 

$r wiwwHkfl *?f^w'ft^t: awfarnr n 

(Deva: 3.1-19) 

Karanaratna 

7fo iterated lambana 

The nadis lying between midday and the end of the 
new moon tit hi (parva) are the padas of the iterated 
lambana. When they exceed 15, they are subtracted 
from 30. (1) 

(The vinadis of the iterated lambana for 1, 2, . . . , 15 
padas are): 14, 28, 40, 50, 59, 66, 71, 75, 78, 79, 80, 80, 
80, 80, and 80— each multiplied by 3. (2) 

Application of Iterated lambana 

In the eastern hemisphere (i.e., in the forenoon), 
the parva (i.e., the time of geocentric conjunction of the 
Sun and Moon) should be diminished by the {vinadis 
of the iterated) lambana and in the western hemisphere 



(i.e., in the afternoon), the parva should be increased by 
the (vinadis of the iterated) lambana. (Thus is obtained 
the time of apparent conjunction of the Sun and 
the Moon). 

The longitude of the Moon (for the time of conjunction 
should be diminished or increased in the same way by 
1/5 of that (lambana in gkatis). From the resulting 
longitude (of the Moon) should be calculated the Moon's 
latitude. (3) 

Local latitude 

Divide the equinoctial midday shadow (of the 
gnomon), in terms of vyahgulas, by 70(1+1/3); the 
quotient gives the (local) latitude in terms of nadis. It 
is always south. (4) 

Meridian ecliptic point 

The time (in gkatis) between midday and the parva (i.e., 
the time of conjunction of the Sun and the Moon) should 
be converted into degrees by multiplying it by 6. These 
degrees should be subtracted from the longitude of the 
Sun for the time of conjunction (if the Sun is) in the 
eastern hemisphere and added to that (if the Sun is) in 
the western hemisphere. The result is (the longitude 
of) the meridian ecliptic point. (5) 

Zenith distance of meridian ecliptic point 

Diminish the R sine of the longitude of the meridian 
ecliptic point by one-fifth of itself: (the result is the 
declination of the meridian ecliptic point, in terms of 
vinadis.) Take the sum or difference of this (declina- 
tion) and the (local latitude in) vinadis (already obtained 
in vs. 4), according as they are of like or unlike direc- 
tions : (the result is the zenith distance of the meridian 
ecliptic point in terms of vinadis) . Its direction is that 
of the greater of the two. (6) 

Parallax in latitude 

Divide the result (obtained last) by 10, and then find 
the R sine of the quotient. Multiply the R sine obtained 
by the motion-difference of the Sun and Moon and 
divide by 4518; the quotient is the more accurate value 
of the avanti. (7) 

Moon's true latitude 

Take the sum or difference of the Moon's latitude and 
avanati, according as they are of like or unlike directions. 
This is how the Moon's true latitude is obtained without 
using the drkksepajya, by the application of intellect. (8) 

Impossibility of a solar eclipse 

When the Moon's true latitude equals or exceeds 
half the sum of (the diameters of) the eclipsed and 
eclipsing bodies, the Moon's disc does not hide the 
Sun's disc. (9) 
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Moon's latitude for first and last contacts 

(To obtain the Moon's latitude for the first or last 
contact:) First subtract one-fifth of the semi-duration 
of the eclipse (in terms of vinddts) from the Moon's 
longitude (for the time of conjunction) corrected for 
lambana, in the former case, and add the same in the 
latter case, and then find the Moon's latitude. (10) 

The three valanas 

One should take the sum or difference of the three 
valanas (taking two at a time) according as they are of 
like or unlike directions. 

Rdhu (i.e., Shadow) is the eclipser in the lunar eclipse 
and Moon in the solar eclipse. (11) 

Calculate the valanas (for the first and last contacts) 
with the help of the Moon's latitude for those times, as 
follows: (12ab) 

Viksepa-valana 

Find the difference of (i) half the sum of the eclipsed 
and eclipsing bodies, and (ii) half the duration of eclipse 
towards the first or last contact, in terms of minutes. 
Square it and then increase it by the square of the 
Moon's own latitude (for that time) . Multiply the square 
rcot of that (sum) by the diameter of the eclipsed body 
and divide by the sum of the diameters of the eclipsed 
and eclipsing bodies. This is the viksepa-valana and its 
direction is the same as that of the Moon's latitude. 
(12cd-14ab) 

Ayana-valana 

In the case of the first contact, subtract three Signs 
from the Moon's longitude, and in the case of the last 
contact, add three Signs to the Moon's longitude. 
Find the R sine of the bdhu thereof and divide that 
by 44. What is thus obtained is the ayana-valana. 
(14cd-15ab) 

Aksa-valana 

Divide the vinddts of the hour angle by (the vinddis of) 
one-third of half the duration of the day : the result is 
(the hour angle) in terms of Signs. In the case of the 
first contact, subtract 3 Signs from that and in the case 
of the last contact, add three Signs to that. Multiply 
the R sine of the bdhu of that by the vinddts (of the local 
latitude) arising from the equinoctial midday shadow 
and divide by 10,746: the result is the aksa-valana. 
(15cd-17ab) 

True semi-durations in a solar eclipse 

Half the semi-duration of the eclipse (towards the 
first contact) should be increased by the difference 
between the lambanas for the first contact and the middle 
of the eclipse ; and half the semi-duration of the eclipse 



(towards the last contact) should be increased by the 
difference between the lambanas for the middle of the 
eclipse and the last contact. The results thus obtained 
should be declared as the true values of the two semi- 
durations of the eclipse. (17cd) 

Measure of eclipse (Grdsa) 

The difference of (i) half the sum of the diameters of 
the eclipsed and eclipsing bodies and (ii) the Moon's 
latitude (both for the time of conjunction and in terms 
of minutes of arc) is called the measure of eclipse. That 
multiplied by 32 and divided by the diameter of the 
eclipsed body is called the true value thereof. (18) 

The eight phases of a solar eclipse 

When the eclipsed portion (of the Sun's diameter) 
amounts to 7', 1 /8 (of the Sun's diameter) should be 
declared as eclipsed; when 12 , 1/4; when 14', 1/3; 
when 16', 1/2; when 23', 1—1/3 (=2/3); when 26', 
1—1/4 (=3/4); when 29', 1 — 1/8 (-7/8); when 
32', l. 1 (19). (KSS) 

- — «ftafm 

16. 32. 1. TTOJ q^FTFT: FT^t ^H^H^d^ I 

^mJ sr^tot f^cR ^ cT#^t qferr mil 
3trt fcfar ^ ddk^f zrmTsW <hh*w ftrt i 

ftcTF'fs$JTmT' *Tft" ^FT f^fl" I 

mRi<3 qrrRJT ii 3 ii 

Wk3i><rK Wdd<: Wt: FTFT II V li 
^t: t^ l kH^d frufaJH It * II 

Fnc^^^ft^%^[ i 

f^d^lld^ d<?H*wl Glfa*^: II % M 



*For the rationale of the several processes, see KRiKSS, pp. 52-62- 
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«lWW?r: STTcTC II V9 II 

(Srlpati, Dhikoti, 7.1-7) 

—Srlpati 

Time of apparent conjunction 

In the case of an eclipse of the Sun, the time of 
conjunction of the Sun and the Moon becomes apparent 
when lambana (i.e. correction for parallax in longitude) 
is applied to it. (1) 

In the first, second, third and fourth yamardhas, the 
lambana is negative and its values are ghatis, 3 gkatis, 
2 ghatis, and 1 gkati respectively. In the four subsequent 
yamardhas, beginning with the fifth, the Lambana is 
positive and its values are 1 ghati, 2 gkatis, 3 ghatis and 
3J gkatis respectively. 1 (2) 

Moon's true latitude 

When the lagna, i.e. the point of ecliptic lying on the 
eastern horizon, is) in Pisces or Aries, the value of nati 
(i.e. correction for parallax in latitude) is 39' ; in Taurus 
or Aquarius it is 34'; in Gemini or Capricorn, it is 27'; 
in Cancer or Sagittarius, it is 18' ; in Leo or Scorpio, it is 
10'; and in Libra or Virgo it is 4'. The direction of 
nati here (i.e. in this work) is always south. 

When the Moon's latitude and nati are of like 
directions, they are to be added together; when of 
unlike directions, their difference is to be taken. What- 
ever is thus obtained is the Moon's true latitude. (4) 

First and last contacts etc, 

33 minutes minus the Moon's (true) latitude is the 
measure of the eclipse of the Sun. The Sun's diameter 
is (roughly) equivalent to the Moon's diameter (already 
stated) . 

1089 is here the value of the square of the sum of the 
diameters of the eclipsed and eclipsing bodies. The 
duration of the eclipse is obtained as in the case of a 
lunar eclipse. (5) 

The measure (of the diameter) of the Moon being 
(at times) greater (than that of the Sun), in the case of a 
solar eclipse too, total obscuration of the Sun is possible. 

The times (of first contact and separation, or of 
immersion and emersion) should be obtained with the 
help of the time of conjunction as corrected for lambana 
and the duration (of the eclipse or totality). (6) 

The position of the Sun's separation (from the Moon 
is the same as that of the Moon's (first) contact (with 
the Shadow) ; and the position of (the Sun's first) contact 



(with the Moon) is the same as that of the Moon's 
separation . ( from the Shadow ) . 

This is the situation in a solar eclipse. 

This excellent Karana (i.e. calendaric work), which 
is entitled Dhikoti and is highly condensed is composed 
by Sri Silpati. (7). (KSS) 

16.33.1. S^RT f^Tfa q*T3TFT 

cTcffegWt ^1^%^ fgtfVtS^f- 

ssfrstft s^rr: ^rpr^r^r^r: *r: n <i n 

SWf fTT: ^TcT f^^l^ii- 

f^Tt FT*? faf^V+,I(y+)H II 9 II 

^ifald^: £i<icii*m: || 3 M 

^MtsgdHd^iHfMi ^n'^^'^re- 




S% ^TT wl^tctfUd, II * II 



W#Tftrr fa^lP^ d +M^f^T Vm*{ 1 1 ^ M 1 

(Ganesa, GL, 6.1-7) 

— Grahalaghava 

Parallax in Longitude and Latitude 

Find the lagna at the end of new moon and subtract 
from it 90°. Keep it separate. Find the decimation 



1 Tdmardha is a unit of time which is equivalent to one-eighth of 
the day measured from sunrise to sunset. The first yamatdha be* 
gins at sunrise and the eighth yamatdha ends at sunset. 



1 For elacidation and rationale see GL.RGP, II, pp. 1-15. 



237 



16. ECLIPSES 



16. 34. 1 



and correct it for latitude ; that gives nati in degrees 
(say x). (If krdnti and aksa are in the same direc- 
tion, take their sum; if of different signs take their 
difference). (1) 

Find the square of x/22. If this is greater than 2, 
subtract 2 from it. Add half of it to the square. Add 
12. This becomes the 'divisor*. 

If (at/22) 2 is less than 2, add 12 to it. That is the 
'divisor 5 . 

Find the difference in degrees between the lagna of 
the Nonagesimal and the Sun. Find 1/1 Oth of this '(*). 
Subtract x from 14. Multiply the remainder by x, i.e. 
find (14 — x) x. Divide this by the 'divisor'. The result 
in nddikds gives the lambana. Add the lambana to the end 
of titki in ghatts. If the lagna of the nonagesimal is less 
than that of the Sun, the lambana is to be subtracted from 
the time in ghatts of the end of the titki. (2) 

Correction for the lambana for Sun minus Node 

Multiply the lambana by 13. The result is in minutes 
etc. Garry out the correction of this product just as in 
the case of the tithi, (i.e. if the lambana is positive addr, if 
negative subtract), to the position of the Sun minus node. 
Convert this corrected value into sara. 

Multiply the lambana by 6, and add this to the lagna of 
the nonagesimal if the lambana is positive, (subtract 
otherwise). The declination (krdnti) is to be calculated 
from this value. From the values of the krdnti and aksa 
(declination and latitude) the corrected value of natdmia 
can be had. (3) 

Nati (parallax) and iara from natdrhsa 

Divide natdmia by 10. Let it be x. Find (18 — x). x. 
Subtract the same from 6° 18', (y). Divide y by ( 1 8 — x) . 
x. The result in ahgulas gives the parallax, its direction 
being the same as that of natdrhsa. 

For the sara already found out, carry out the parallax 
correction; i.e. take the sum if the directions are the 
same and take the difference otherwise. Only from the 
sara thus corrected, is the portion of the body eclipsed 
and the duration of eclipse are to be calculated. (4) 

Times of first and last contacts 

Multiply the duration of the eclipse (already found) 
in ghatis by 6. It is thus converted into degrees. Take 
the lagna of the nonagesimal at the end of the tithi. Let it 
be x. The lagna of the nonagesimal at the first and last 
contacts are to be had by respectively substracting and 
adding the duration from and to this value x. 

The parallax is to be calculated separately from the 
two found above. 



The time of first contact is found by correcting the 
middle of the eclipse minus the duration with the 
lambana of first contact, i.e. if lambana is positive, add 
them; if it is negative, take the difference. 

For the last point of contact take the middle of the 
eclipse plus the duration. Carry out the correction for 
lambana as mentioned above. (5) 

Immersion and Emergence 

When marda is multiplied by six, degrees are obtained. 
Repeat the same process for determining the time of 
immersion or emergence. If the portion eclipsed is less 
than one angula it is not necessary to find grdsamdna for 
both lunar and solar eclipses. (5b) 

Colour of the eclipse 

If Moon is eclipsed partially it is smoky in colour; 
if half is eclipsed it is black and a full eclipse is reddish 
brown. The solar eclipse is always balck in colour. (6b) 

Portion eclipsed at any time 

Double the desired time in gha$is. Multiply this by 
the grdsamdna. (x) Find the difference between the 
times of last and first contacts (y). Find xjy. Add to 
this half-angula (or 30 vyangulas), to get the portion of the 
body eclipsed at any desired time. (7) . (VSN) 

16. 34. 1. TfWftTR Ms^isq^fa^taTC wfer m ftv^TT: I 

dM^MlPi f^TR lTW>Wl(H II <|\3 II 

aicHc^l^s! faR-Hsh? TrRTT^WT II <js II 

(Varaha, PS, 8. 17-18) 

— Romaka Siddhanta 

Subtract the parallax corrected-latitude for the time 
of parallax-corrected new moon, from the sum of the 
semi-diameters. The remainder in minutes are the 
digits of obscuration of the sun by the moon. (17) 

To represent the amount of obscuration graphically, 
draw a circle of radius equal to the semi-diameter of the 
Sun, measure the parallax-corrected latitude, north or 
south according as where the Moon is situated, and with 
the point marking its end as centre, draw a circle of 
radius equal to the Moon's semi-diameter, to represent 
the Moon. (The part common to both the circles is 
the part obscured, and its measure in digits is its width 
in minutes of arc). 1 (18). (TSK) 



1 For elucidation and worked out examples, see PS: TSK f 8. 17-18 
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— tiURWtl: 

16.35.1. WMI fa^l^MW frf MRRi^ few I 

3irrm5a^«wnr«r wrnwr ^vzm m i 1 

'WT^ , ?TO M^Ifd^^^ ^^T^ft ^TTcT II "R It 
*Wf fefk^" dfHK^d FTSPTTSZTO" II V || 

^ftt^ *fteftsc§cf fawner ^nw: I 

dl<+lfa+ld Tft^ft flfayid^l 111(11 

sRqTcft^ ^^ft ^ffer^rn^R" n ^ ti 

Si C Si "\ ^ 

(VM, itf, 11.1-6) 

- — Saurasiddhanta 

Diagram for ecliptic etc. 

Using the stick-instrument with notch-marks of 
digits, draw the circle called the 'sum-circle', having 
for its radius the half-sum of the diameters converted 
into digits. Mark the east- west and north -south lines. 
Similarly, using the semi-diameter of the eclipsed body 
converted into digits as radius, draw the 'eclipsed body 
circle 5 concentric with the sum-circle. (1) 

Find the versine of the hour-angle (of the Moon at 
mid-e.elipse) , and multiply this by the tabular sine of the 
latitude of the observer and divide by 120. Find the 
arc in degrees of the resulting sine. If the hour-angle 
is east, lay the degrees north of the east-point, if west, 
south of the east-point. The east-point with reference to 
the equator is thus obtained. (2) 

Add three rdsis to the Moon's longitude and find the 
degrees of declination of this point. If the declination 
is north, lay the degrees north of E', if south, south of 
E'. This is the east-point with respect to the ecliptic. 
Draw the straight line through the centre, E"OW". 
E"-W" is the ecliptic east-west. By means of circles, 
(i.e., by drawing the perpendicular bisector) get the 
ecliptic north-south, viz., N"-S". (3) 

Marking points of contact release etc. 

In the case of the lunar eclipses, mark on the 'eclipsed 
body circle' the direction points in reverse of the points 
on the sum-circle. (4) 

On the N S line, mark the Moon's latitude at first 
contact (converted into digits) according to its direction, 



and take it (westward) to the sum-circle. Join this 
point on the sum-circle and the centre with a straight 
line. (5) 

Conversion of minutes into angulas 

In order that the graphical representation may appear 
as the eclipse is seen actually, the minutes of arc are to be 
converted into digits, at 2' per digit when the Moon is 
near the horizon, and at 3' per digit when it is on the 
tenth sign, i.e. meridian, and proportionately in be- 
tween.! (6). (TSK) 

16. 36. 1. y^uiM «ra«(uj wKt *nrfif f^: | 

(Aryabhata I, ABh., 4. 46) 

Colour of the eclipse 

At the beginning and end of its eclipse, the Moon 
(i.e., the obscured part of the Moon) is smoky; when 
half obscured, it is black; when (just) totally obscured, 
(i.e. at immersion), it is tawny; when far inside the 
Shadow, it is copper -coloured with blackish tinge. 
(46). (KSS) 

16. 36. 2. 3iKKltfl: *T fJ5T: $w>T: yu^s&ftswTfas I 
^ *T $widlH: ^(MHH«|: II *\\$ II 

(Brahmagupta, KK, 2.4.17) 

Both at the beginning and end of the eclipse, the 
Moon is dusky; it is dark, when the obscured portion is 
less than half and is of dark copper colour, when the 
obscured portion is greater then half; it is tawny, when 
it is completely obscured. (17). (BG) 

16. 36. 3. 3IM-d^l4^yyH^M+lO" 

^TRT *nrf^><5 u l$fc y i<^i : 

sffcrenc: froif: II ^ ll 

(Laila, SiDh Vr., 5.36) 

At the beginning and end of an eclipse, the Moon is 
of dense smoky colour. In a partial eclipse, it is always 
dark as a mass of collyrium. When the obscured 
portion is greater than half, it is dark red. When it is 
completely obscured, it is tawny. (36) . (BC) 

16. 36.4. m gamt- 

yfrsqfr: fw^t 
^ihUm WTf^r ^ it ^ ii 

(Bhaskara II, SiSi., 1. 5.36) 



1 For the rationale and the diagram, see PS: TSK> 11. 1-6, 
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Colour 

When less than half the disc of the Moon is eclipsed, 
the colour will be what is called dkumra, i.e. of the colour 
of smoke ; when the disc is half eclipsed, the colour is 
black; when more than half is eclipsed, the colour would 
be a blend of black and red, and, when the entire disc is 
eclipsed, the colour will be what is called pisanga or 
reddish-brown . (36) . (AS) 

16. 37. 1. ^K>M P<Rj^5^^^T% I 

(Aryabhata I, ABh., 4.47) 

Eclipses : Conditions when not to be predicted 

When the discs of the Sun and the Moon come into 
contact, a solar eclipse should not be predicted when it 
amounts to one-eighth of the Sun's diameter (or less) 
(as it raav not be visible to the naked eye) on account 
of the brilliancy of the Sun and the transparency of the 
Moon. (47). (KSS) 

16. 37. 2. STOTOHII^i ^WRtw^m I 

(Brahmagupta, KK, 2.4. 18) 

If the obscured portion of the Sun is less than its 
twelfth part, the eclipse is ignored, because the obscured 
portion is so small that it cannot be seen owing to the 
brightness of the Sun. If the obscured portion of the 
Moon is greater than its sixteenth part, the eclipse is 
considered because though the portion is small, it is 
visible owing to the clearness of the Moon. (18). (BC) 

16. 38. 1. # H l *ffl^fa*m4ctl^ m *m fe^ *Tt:#: 

(Sarkho plates of Ratnadeva II, Kalachuri 
year 880: A.D. 1128, lines 23-24, 
Corpus Ins. Indicarum, IV, p. 427.) 

Inscriptional references— Lunar eclipse 

—Kalachuri 880 : A.D 1128 

He (Padmanabha) declaring in the assembly of the 
illustrious Ratnadeva, in the presence of all astronomers, 
that when the year eight hundred increased by eighty 
had passed, on the day of the Lord of Speech (i.e. 
Thursday), on the full moon day of Karttika, during 
the third quarter of the night when (the Moon would 
be in) the constellation RohinI, there would be a complete 



eclipse of the Moon, crossed the river of assertion (i.e. 
vindicated his prediction). 

16. 38. 2. ^9M<T>WIHJf TOTOTt ^Yw^F .... I 

(Gadag stone inscription of Vira-Ballala II, 
Saka 1119: A.D. 1197, lines 43-44, 

Indian Antiquary, 2 (1873) 298ff.) 

—Saka 1119 : A.D. 1197 

On the occasion of a lunar eclipse on Saturday, the 
day of the full moon in the month of Marga&rsa . . . 

16. 38. 3. HT*T^- t TW*UWr WAlX ^FsffaTFT .... I 
(Nagari copper plate inscription of 
Anarigabhima III, Saka 1151 and 
1152: A.D. 1230-31, line 135, Epigraphica 
Indica, XXVIII, pp. 235ff.) 

—Saka 1151 : A,D. 1230-31 

On the occasion of a lunar eclipse on Thursday, the 
bright half of the month of Margas'Irsa . . . 

16. 39. 1. rr^qt WT^FTRt .... STRTSH^T^ 

(Nagardhan plates of Svamiraja, 
Kalachuri year 322: A.D. 580, line 14, 

Ep.Ind. XXVIII, pp. Iff). 

Inscriptional references : Solar eclipse 

—Kalachuri year 322 : A.D. 580 

And, to these (same) Brahmanas, while staying at the 
Catuka-vata village on the Ganga, on the occasion of 
the eclipse on the new moon day of Caitra in the year 
A?adha (donated, with a libation of water, according to 
the maximum of uncultivated land, the village 
Amkollika) . 

16, 39. 2. ^w^iry*d-*n««i*w^i5i«i^ ftrfwfer 

(Kasare plates of Allasakti, Kalachuri year 
404: A.D. 662, line 30, Corpus Ins. Indicarum, 

IV. i, p. 110). 

—Kalachuri year 404 : A.D. 662 

This charter is written by Devadinna by the order of 
the tnahdbaladhikrta Vasava in the year four hundred and 
four, on the new moon day in the dark (fortnight) of 
A?adha, on the occasion of a solar eclipse. 



16. 39. 3 



INDIAN ASTRONOMY— A SOURCE-BOOK 



240 



16. 39. 3. ^HM^MIdld^^^ld^ a*fte^4^*wi^ 

(Gadag stone inscription of Bhillana V, Saka 
1113: A.D. 1192, Ep. Ind. Ill, pp. 219ff.) 

—Saka 1113 : A.D. 1192 

On the occasion of the solar eclipse on Sunday, the 
new moon tithi of the month of Jyestha of the year 
Virodhikrt in Saka 1113... 



16. 39. 4. ++d+WI«IIWWi ^Ih^I I 

(Nagari copper plate inscription of Anangabhika 
III, Saka 1151 and 1152, A.D. 1230-31), line 

142, Ep. Ind., XXVIII, pp. 235fF). 

Saka 1151: 1230-31 

On the occasion of a solar eclipse on the Karkataka 
amavasya (i.e. new moon day when the moon's in the 
zodiac Karkataka) . 



17. ^* ^fofcl * - PHASES OF THE MOON 



17. 1. 1. ^OTT snTT^TKr aflftcH^yifTOfir, Sflfe^ W 

{Taitt. Brahmana, 40. 28) 

Periodical appearance of the Moon 

The Moon enters the Sun on the new moon day; and 
(later) the Moon comes out of the Sun. 

17. 1. 2. trq- tt^: q rnr ^fo, %m ^ «r«wii: 
j^nV q^^r <r fcsffa Ppot% i h 07* ttor: 

{Satapatha Brahmana, 1.6.4. 18-20) 

Now, (the Sun) which burns there, is, indeed, none 
other than Indra, and the Moon is none other than 
Vrtra. But the former is hostile to the latter, and for 
this reason, though (the Moon, Vrtra) had previously 
risen at a great distance from him (the Sun, Indra), 
he now swims towards the latter and enters into his 
open mouth. 

Having swallowed him, he (the Sun) rises; and the 
other one (Moon) is not to be seen either in the east or 
in the west. 

Having sucked him empty, he (the Sun) throws him 
(the Moon) out; and the latter, thus sucked out, is seen 
in the western sky, and again increases; he again 
increases to serve that (Sun) as food. 

17.2.1. fe*rw«re*Nt: mf^nfr: fet I 

^r ^iPtM^M< i ^ qrergrftre^n ^ ii 

arf^rra; Eftt^ <rsn?r ^m^^ i 
^jftr^wft ^ TO: ^vW^tt: ll ^ M 

(Varaha, PS, 13.35-38) 

Moon's luminosity 

The Sun always lights up one half of the Moon situated 
below it, (at any position round the earth), and the other 
la 



half is dark by its own shadow, (i.e. the Moon obstruct- 
ing the sunlight by its own body), just like a pot placed 
in sunlight. (35) 

The Sun's rays, reflected in the watery Moon dispels 
the darkness on the Earth, as the rays of the Sun falling 
on a mirror in the interior of a house, does. (36) 

According to the position of the Moon underneath 
the Sun every day, the lighted up part increases (from 
the time of new moon, as seen from the Earth), as the 
lighted portion increases on the pot, on the western side, 
in the afternoon. (37) 

Anywhere on the Moon, its denizens (the pitrs, in this 
case,) see the Sun for half the time during each fortnight, 
(on the whole not seeing the Sun for a fortnight's time, 
and seeing it for a fortnight's time) because the visible 
part of the sky extends only upto 90° from the zenith. 
(38). (TSK) 

17. 3. l. ^sl-g^^prd^Ktl^Ka <terat i 

JTcrf^W^^ II Y II 

(Aryabhata I, ABh., 4. 4) 

Conditions of Moon's visibility 

When the Moon has no latitude it is visible when 
situated at a distance of 12 degrees (of time) 1 from the 
Sun. Venus is visible when 9 degrees (of time) distant 
from the Sun. The other planets, taken in the order 
of decreasing sizes, {viz., Jupiter, Mercury, Saturn, and 
Mars), are visible when they are 9 degrees (of time) 
increased by two-s (i.e., when they are 11, 13, 15 and 
17 degrees of time) distant from the Sun. (4) 

17. 3. 2. ^T?*TPri *r>ntfrfo TOIW facnTPi I 

(Aryabhata, ABh., 4. 5) 

Halves of the globes of the Earth, the planets and the 
stars are dark due to their own shadows; the other 
halves facing the Sun are bright in proportion to their 
sizes. (5). (KSS) 

1 7. 3. 3. srraifanfa? 55 rafircrfa*- 

oiHejcjv f ^T*T*T i«Wl<4 5*T*ft% I 



1 One degree of time is equivalent to 4 minutes. 
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^of ^TK ^TTfWt^nfr: V^tt cRT II 1 II 

.. «s US 4 N -> 

W^f?fr m ^ ii 

dHH I *d fr^^W^T II 3 II 1 

(Ganesa, OL, 9. 1-3) 

At the end of the first day in the bright fortnight, add 
12° to Sun and Sun minus Rahu (node). Without 
adding ayandmfa, find the cara. Divide by 56. The 
result is positive if the Sun minus node is in the northern 
and negative if southern hemisphere. This is the first 
(phala) (say xx). Keep it separately. (1) 

Take the Sun With ayandthsa. Add 3 rdsis to it. Find 
the cara-phala for this and multiply the cara by xi. 
Divide this by the square of twice the equinoctial 
shadow. The result gives the second phala (x2). This is 
positive if the Sun and Sun minus Rahu are in different 
hemispheres and negative if in the same hemisphere. 

Add 6 rdsis to the Sun with ayandrhsa. Find the value 
of the rising time in that particular rdsi. Take the 
difference between this and 300. Divide by 25. If the 
udaya-mdna is more, this phala is positive; if otherwise 
negative (xi). (2) 

Find the difference between the measures of the day 
and the tithi. Divide it by 5. It is positive if the day- 
measure is greater than the fif Af-measure ; negative 
otherwise. This gives the fourth phala (xi) 

If correction is done with the four phalas (results) 
mentioned above (i.e. taking their algebraic sum), and 
the final result is positive then Moon is visible on the 
first tithi of the bright fortnight after the setting of 
the Sun. Otherwise it is not visible. (3) . (VNS) 

17.3.4. ^M^M WHdld d g^ftl d I I ^ <fa I^M <l d I 

fsp7% f*r*M d 5 ^1^1+ ^ m! + h w i fa n 3 ii 

(Varaha, PS, 5. 1-3) 



Find the difference in longitude of the Sun and the 
Moon, as also the difference of their declinations, (the 
mean declination of the Moon being used for this 
purpose) . Multiply the sum of these two differences by 
their difference and find the square root of the product. 
By this 'square root' divide the product of the Moon's 
latitude and the difference of declination already 
found. (1) 

The 'result' is to be subtracted from the difference in 
longitude, if visibility in the west is in question, and the 
latitude and ayana (i.e., course northward or southward) 
of the Moon are of the same direction, or added to the 
difference in longitude if of opposite directions. If 
visibility in the east is in question, reverse the subtraction 
and addition. (2) 

In the case of the visibility pertaining to the west, if a 
segment equal to the corrected difference in longitude 
takes at least two nadis to rise in the east as reckoned by 
using the ascensional difference (for the place) of the 
seventh rdsi from the Sun, then the Moon will be visible 
provided the sky is clear. In the case of visibility in 
the east, use the ascensional difference of the Sun's rdsi 
itselt. 1 (3). (TSK) 

17. 4. l. f^Ts^ <ft qm i rf>fttiH^r <Rr vgzm srftrfa i 

fc4«H*»m' ft^T ^ y|4c|<|H!4|d II P II 

<Pch^ i <tk<*>m <i»nni^iw^fir«OT i 

MHIH<ifl4fe SWT TT^f ^3": II 3 II 
VTFTT^t sffaT W&fjVi ^ftr^r: || Y || 
f^^^W^^wf^T^5 W^HT II * II 
^sTTt^^T ^rf^f ^TTcT PHfoll: \\\ II 
^ ^pfaFT ? MhUM^^<^\<^ H V9 II 

d<f^^-M U | t*^^^i^$ l ^ r^^g^rf^4n^^^ i 
for n=m0dis^ ft^n ii ^ ii 

(Deva, KR, 6.2-8) 
Preliminaries for computation 

Sankvagra etc. 

Having applied the three (visibility) corrections, 
stated in connection with the instructions pertaining 



* For elucidation and rationale, see GL: RCP, 11, pp. 56-61. 



1 For elucidation and worked examples, see PS: TSK, 5. 1-3. 
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17. 5. 1 



to the full moon day, to the Moon's longitude ( or 
sunrise or sunset), find the measure of its (i.e., Moon's) 
day as also the diameter of its disc in the manner 
described heretofore. (2) 

If the sum of the times of rising or setting (at the local 
place of the Signs intervening between the Sun and the 
Moon (as corrected for the visibility corrections) 
amounts to two nddxs, the Moon shall be visible towards 
the east (before sunrise) or towards the west (after 
sunset). (3) 

Moon's illuminated part and Sahkvagra 

Multiply those vighatikds (i.e., the vighatikds intervening 
between the Sun and the Moon) by 90 and divide by the 
vighatikds of half the Moon's day. Thus are obtained 
the degrees (intervening between the Sun and the 
Moon). Their R sine is to be designated as sanku. (4) 

Multiply that (sanku) by the diameter of the Moon 
and divide by 600: the result is the illuminated part of 
the Moon. That subtracted from the diameter of the 
Moon is the unilluminated part. 

The sanku multiplied by the R sine of latitude and 
divided by 300 is the (Moon's) sahkvagra. (5) 

Agrds of Sun and Moon and Koti of elevation triangle 

Find the R sines of the bdhus of the longitudes of the 
Sun and the Moon, and diminish them by one fifths of 
themselves: (the results are the declinations of the Sun 
and the Moon, in terms of uinddis). From these (decli- 
nations) calculate the agrds of the Sun and the Moon. 
Take the sum or difference of the Moon's agrd and 
Moon's sahkvagra, according as they are of like or unlike 
directions: (the result is the so called Moon's bhuja). 
If one-sixth of the Moon's latitude (in terms of minutes 
of arc) is also applied to the Moon's declination (in 
terms ofvinddis), then the value of Moon's agrd becomes 
accurate. Now take the sum or difference of that 
(Moon's bhuja) and the Sun's agrd, according as they 
are of unlike or like directions : (the result is the koti 
of the elevation triangle in terms of vinddis). (6-7) 

The true koti 

That (koti) multiplied by the Moon's diameter and 
divided by 4 times the Jahku gives the so called (true) 
koti. When the Sun's agrd exceeds the Moon's agrd, 
the direction of the koti is to be reversed. (The R sine 
of the Moon's altitude similarly reduced is called the 
true^w). 1 (8). (KSS) 



1 For the rationale of the several processes involved see KR'.KSS, 
pp. 76-79. 



17. 4. 2. ^r ^M^r^ i r^Jl gcrr %tuw^j^i+<r5rt:' t 

TOW fenqHH 

Ulim^: WI^P^M^r^W ^ I 
fifrf^snft 3wt*ivHl F£2~RT<??T tf«Kl c r>^'*IT 1 1 

TO*rsi$: 

fa4<J w l(d+<!f)(HdW *TT **TT ST teM 1 1 

(Lalla, SiDhV r ., 9. 1-4) 

R sine declination of the Moon 

The R sine of the longitude of the Moon multiplied 
by 13 and divided by 32 gives the R sine of the declina- 
tion of the Moon's (position on the ecliptic) or its 
madhyamakrdntijyd . ( 1 ) 

Measure of the Moon's day 

The sum or difference of the Moon's madhyamakranti 
and its latitude, according as they are in the same or 
opposite directions, gives the Moon's sphutakranti or the 
declination of the Moon's centre. Find its R sine. 
The result is the correct R sine declination. Hence 
find (the half variation of the Moon's day) following 
the methods given before. (2) 

Half variation of the Moon's day 

Or, calculate the Moon's half variation of the day 
(from the madhyamakranti or the declination of its position 
on the ecliptic) using the tabular differences to be given 
later on. Then add to it or subtract from it the Moon's 
second visibility correction, according as the Moon and 
its latitude are in the same or different spheres. The 
result is the correct half variation of the Moon's day. (3) 

R sine altitude of the Moon 

As in the case of the Sun, calculate the R sine altitude 
of the Moon for the time passed or to pass in the day of 
the Moon. Then find the arc corresponding to this as 
the R sine. Subtract from it the longitudinal parallax 
in minutes of the Moon as calculated before. Find the 
R sine of the remainder. The result is the correct R 
sine altitude of the Moon. (4). (BG) 

SWT 

17. 5. 1. feOTWTST^TT ^H+WTT *RcT ^PTS^ * 
«M*Kd*W ^FTfFPff ^ 11 3* II 

(Aryabhata I, ABh., 4. 35) 
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Visibility corrections 
—1. Sksadrkkarma 

Multiply the R sine of the latitude of the local place 
by the Moon's latitude and divide (the resulting product) 
by ,the R sine of the colatitude: (the result is the 
dksadrkkarma for the Moon) . When the Moon is to the 
north (of the ecliptic), it should be substracted from the 
Moon's longitude in the case of the rising of the Moon 
and added to the Moon's longitude in the case of the 
setting of the Moon ; when the Moon is to the south (of 
the ecliptic), it should be added to the Moon's longitude 
(in the case of the rising of the Moon) and subtracted 
from the Moon's longitude (in the case of the setting of 
the Moon). (35) 

17. 5. 2. frsfasTT ^Mmd^^l^'^^^H 1 

<HM4h f^FSSf faxtm dcfjd^d: II 1 1 

(Bhaskara I, LBL, 6. 1-2) 

Multiply the R sine of the Moon's latitude by the 
R sine of the (local) latitude and divide (the product) 
by the R sine of the colatitude. Whatever is thus 
obtained should be subtracted from the Moon's longitude 
in the case of the rising of the Moon (i.e., in the eastern 
hemisphere) and added to that in the case of the setting 
of the Moon (i.e., in the western hemisphere), provided 
that the Moon's latitude is north. When the Moon's 
latitude is south, the above correction is applied reversely 
in the cases of rising and setting (both). (1-2). (KSS) 

17. 5. 3. fe^toi^Hjft l dl fe$TTt Tfap": y[H>M^ I 

(Deva, KR, 5.2) 

Multiply the Moon's latitude by the equinoctial 
midday shadow and divide (the product obtained) by 
12; (the result is the dksa-drkkarma for the Moon). In 
the case of moonrise, subtract it from or add it to the 
Moon's longitude according as the Moon's latitude is 
north or south. In the case of moonset, the law of 
addition and subtraction is just the reverse. 1 (2). (KSS) 

17. 5. 4. f^OTWfrfWT fa^myf (d*Hd*j I 

d^luiyH^WW sfSFJFT EFT*fjf ?TF3" II ^ II 

(Aryabhata I, ABk. 3 4. 36) 



i That is: 

Moon's latitude X equinoctial midday shadow 
Moon's akfa~drJckarma=> — - ^ — 



ii. Ayanadrkkarma 

Multiply the R versed sine of the Moon's (tropical) 
longitude (as increased by three signs) by the Moon's 
latitude and also by the (R sine of the Sun's) greatest 
declination and divide (the resulting product) the by 
square of the radius. When the Moon's latitude is 
north, it should be subtracted from or added to the 
Moon's longitude, according as the Moon's ayana is 
north or south {i.e. according as the Moon is in the six 
signs beginning with the tropical sign Capricorn or in 
those beginning with the tropical sign Cancer) ; when 
the Moon's latitude is south, it should be added or 
subtracted, (respectively). (36). (KSS) 

17. 5. 5. fOTT^^WT dc+Mterfemi^llH I 

^^TMe^ s^of ^ncrm^^f i i v i i 

(Bhaskara I, LBh,, 6. 3-4) 

Multiply the (Moon's) instantaneous latitude by the 
R versed sine (of the Moon's longitude) as diminished 
by three Signs and then by the R sine of the (Sun's) 
greatest declination and divide that (product) by the 
square of the radius. The resulting minutes of arc 
should be subtracted from the longitude of the Moon 
when the latitude and ayana (of the Moon) 1 are of like 
directions. In the contrary case, they should always 
be added to the longitude of the Moon. (3 4). (KSS) 

17. 5. 6. ricf spWTRl ^^S^rffef: ^ft | 

m%fo?rfa: ^rk 5jr# ^^rt% faw ii X n 

(Bhaskara I, LBh., 6. 3-5) 

When the Moon obtained by applying these (two 
visibility) corrections is found to be twelve degrees (of 
time) distant from the Sun, she shall be (just) visible 
in clear cloudless sky. (5). (KSS) 

17. 5. 7. fNrft <l^y|^^^diil^yl^^l^5 ^ fS7T^r^i#: , I 

(Deva, KR, 5.3) 

Multiply the Moon's latitude by the R sine of the 
Moon's longitude as increased by 3 signs and divide by 
737: the result (which is known as the ayana-drkkarma) 
should be subtracted from the longitude of the Moon, 
if the Moon's latitude and ayana are of like directions. 
In the contrary case, it should be added. 2 (3). (KSS) 



1 The Moon's ayana is north or south according as the Moon is 
in the half-orbit beginning with the tropical (sayana) sign Capri- 
corn or in that beginning with the tropical (sayana) sign Cancer. 

2 For the rationale, see KR: KSS, p. 73. 
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1 7. 5. 8. '^ft*w*rtrr ^rr yi+mHi^Huft: ^renf ptrt i 

(Deva, 2T.tf, 5.4) 

iii. The Third correction 

48 minutes too should be subtracted from the Moon's 
longitude or added to that according as the Moon is in 
the eastern or western hemisphere. By applying these 
three corrections, the Moon becomes fit for observation 
(at sunset). 1 (4). (KSS) 

17.6.1. ^4*H^l£*RT: dTT fa^T ^^Wl^HId I 
^spj^rf&^S^ T^HTcr fe^lfw^TWcT II X II 

5 hi ft* r: ft: sh^i^i^i ferrs^rf^t: ii^ii 

(Deva, KR, 5.5-6) 

Rising and setting of the Moon 

Increase the longitude of the Sun for sunset by 6 
Signs : the result is the longitude of the horizon-ecliptic 
point in the east. If the longitude of the Moon (for 
sunset) is less than that, the Moon rises before sunset; 
if greater, after sunset. (5). (KSS) 

The time of moonrise should be obtained from the 
Moon's longitude, the longitude of the rising point of 
the ecliptic, and the oblique ascensions of the Signs, as 
before. When moonrise occurs in the night (i.e., after 
sunset) the nadis (intervening between the Moon and 
the rising point of the ecliptic) should be added to the 
measure of the day ; when moonrise occurs in the day 
(i.e., befoie sunset) the nadis (intervening between the 
Moon and the setting point of the ecliptic) should be 
subtracted from the measure of the day: (the result in 
either case is the time of moonrise reckoned since 
sunrise). (6). (KSS) 

17.6.2. ZTFm^fe^TPX f^j^T^lK Tf¥^iKit*i: I 

f^Nf Wiw£t <*4 l + r^siT^ f^ftsq" i 
• fl<TM«hM^ II V II 

(Varaha, PS, 5.8-10) 

Multiply the Moon's latitude in degrees by the 
equinoctial shadow and divide by twelve. Add the 

1 This correction is probably meant to account for the difference 
between the horizontal parallaxes of the Moon and the Sun. 48' 
is evidently the difference between the horizontal parallaxes of the 
Moon and the Sun. For, according to Aryabhata I : 

Moon's horizontal parallax — 52' 30* 

Sun's horizontal parallax — 3' 56* 

18-* 



resulting degrees to the longitude of the Moon, or 
subtract from it, according as the Moon's latitude is 
south or north, if the times of daily moonrise is to be 
computed. If the times of daily moonset is to be found, 
reverse the addition and subtraction, {i.e. subtract 
and add respectively) . (8) 

Subtract the longitude of the Sun from that of the 
Moon corrected thus. Find the time for this segment 
of the ecliptic to rise, after sunrise. By so much time 
after sunrise, the Moon will rise. If this segment is 
less than six rds'is, then the moonrise will fall in the 
daytime, if greater, the Moon will rise at night. (9) 

In the manner given in verse 8, correct the Moon for 
moonset, deduct the Sun from this corrected Moon, and 
deduct 6 rds'is from the remainder. Find the time by 
which the remaining segment will rise, after sunrise. 
This is the time from sunrise when the Moon will set. 
At the time exactly midway between moonrise and 
moonset, the Moon will reach the meridian, i.e., will 
be at upper culmination) . 1 (10). (TSK) 

17.6.3. Wmt^ fcNHdl 

■o o ^ -s 

fa% ^Tf; ^zftS^ ^ II 1° || 

-O O >0 <3 ">. , ^ 

^r: srefr ^TFT l^fe^rf | 
?M I rd Xs£*A «i *i i n«ft : 

WTS^m zr: W: ^pRT: II <R II 

(Lalla, SiDhVr., 8. 9-12) 

Corrected time for the rising and setting of the 
Moon 

If the true longitude of the Moon, (corrected by the 
two visibility corrections), is the same as the true longi- 
tude of the Sun at sunset, increased by 6 Signs, the Moon 
rises at the same time as the Sun sets ; if greater, it 
rises after, and if less, it rises before sunset. (9) 



i For the working, see PS:TSK S 5. 8-10. 
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If the true longitude of the Moon (corrected by the 
two visibility corrections) and increased by 6 Signs is 
the same as the true longitude of the Sun while rising, 
the Moon sets at that time; if greater, it sets after and if 
less, before sunrise. The times (for these phenomena) 
should be calculated as before. (10) 

Multiply the daily motion of the Moon by the number 
of hours elapsed or to elapse, as (calculated above), 
either in the days or in the night, and divide the produt 
by 60. The quotient should be added to or subtracted 
from the true longitude of the Moon, either at the end 
of the day or at the end of the night (as the case may 
be). Then again, the longitude of the Moon corrected 
by the two visibility corrections should be calculated 
and hence the time. The process must be repeated 
till the time is fixed. (11) 

If the true longitude of the Moon, corrected by the 
two visibility corrections, is less than the udayalagna or 
the longitude of the rising point of the ecliptic and 
greater than the astalagna or the longitude of the setting 
point of the ecliptic, the Moon is visible. 

The time passed since the Moon was on the eastern 
horizon and to pass when it will be on the western 
horizon, can be found from the longitudes of these 
points and of the Moon ; and so also in the case of a 
planet. 1 (12). (BC) 



17. 7. 1. q^sH^^fl 4<i)vM: FTRT cRT fM^IWl": 1 
WV >*d<=N^M ! H I *ffST:*KW(H tl * II 

(Lalla, SiDkVr., 9.5) 

Moon's shadow 

When the time equal to half the day of the Moon has 
passed since its rising, then it is midday. Find the 
shadow of the gnomon caused by the Moon for that 
time as explained before (in the case of the Sun). In 
the same manner, the shadows caused by the stars and 
planets must be found. (5) . 2 (BG) 

17. 7. 2. cTTfa: ^ft l H^ I ^ T ^^Wfd^^l «W°qi: I 

(Deva, KR, 5.7) 

From those nddis (intervening between the Moon and 
the rising or setting point of the ecliptic), one may 
obtain the gnomonic shadow due to moonlight by 
applying the rule: "Multiply the given vinadis by 6, 
etc." {vide supra, ch. iv. vss. 8-9). Methods for solving 
the five problems {vide supra, ch. iv. of vss. 16-17) should 
also be contemplated here (in the case of the Moon) 
too as in the case of the Sun. (7). (KSS) 



17, 7. 3. d^^^iuK^ixjrstMUrM I 

HI^MlfcfriHKS : ^$4^ flcT: 3m II ^ II 
(Bhaskara I, LBk. s 6. 22) 

From the asus (of the oblique ascension of the portion, 
the ecliptic) lying between the rising point of the ecliptic 
and the Moon (corrected for the visibility corrections) 
or from those (taken in setting at the local place by the 
portion of the ecliptic) lying between the setting point 
of the ecliptic and the Moon (corrected for the visibility 
corrections) (according as the Moon is above the eastern 
or western horizon), and from the Moon's day radius, 
etc., determine (the R sine of) the (Moon's) altitude 
and zenith distance and therefrom the shadow of the 
gnomon (due to the Moon) . (22) . (KSS) 

17. 7. 4. fa^dHHi^i^HH *raTftr£ *rer wx: ^f^r: i 



*rrssr d^vd -miRhi tt^tt: *h«hi: Frafwr tf^i i 

3^et sfasftsfspFM <td M 4tft 

fT^T ^TS^TT d ^Rcmdlf^T: 5PRT *TR^-. 

■H«-rf | <fo it ^H^ftA ^RT^Tft" ^TFTTq II ^ II 




II <\V II 



i For elucidation and demonstration see, $iDhVr:B€, II. 159-61, 
8 For detailed elucidation see SiDhVr&CtU. 162-66. 



^TT^Rc^Tvr l^f cRT^r: II II 

(Bhaskara II, Si$l, 1. 7.10-15) 

Visibility of the planet 

During the night, if, at a given moment, the computed 
udayalagna of the planet is less than the particular lagna 
of the moment, (i.e. if the longitude of the udayalagna is 
less than that of the current lagna), and also if the asta- 
lagna of the planet computed is greater than that of the 
then current lagna (i.e. if the longitude of the astalagna 
is greater than that of the current lagna,) the planet 
is visible (i.e. above the horizon). 
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Ln the case of the Moon, however, if it is not eclipsed 
by the rays of the Sun, it may be visible even shortly 
after sunrise or a little before sunset in contradistinction 
to a planet which could not be seen at all during day 
time (except perhaps Venus) . When a planet is visible, 
its gnomonic shadow could be computed. 1 (10) 

Time after rise 

If it be required to find the gnomonic shadow of the 
planet, then the current lagna and the udayalagna of the 
planet at ike moment are to be computed. The time in 
between the two lagnas, which will be in sdvana measure 
pertaining to the planet gives the time that has elapsed 
after the rise of the planet. (11) 

The sdvana measure alone is to be employed while 
finding the gnomonic shadow (i.e. while the zenith 
distance of the planet is to be computed), because the 
arc of the diurnal circle of the planet indicates only 
sdvana measure. Suppose the udayalagna falls short of 
the current lagna; then the bkogyakala, i.e. the remaining 
rising time of the rasi in which the planet is situated 
added to the elapsed time of the rasi of the current lagna 
together with the sum of the rising times of the rdsis 
in between, gives the difference of the udayalagna of the 
planet and the cur i ent lagna . (12) 

Declination 

The krdnti of the planet or the declination of the foot 
of the latitude of the planet added to the latitude 
rectified called sphutasara, gives what is called spasta- 
krdnti of the planet. Its R sine is called spasta-krdntijya. 
From this, R sin 5, R cos 8 etc. are to be computed (as 
mentioned in Triprasnadhikdra in the context of finding 
the zenith-distance of the Sun) . 

From the time that has elapsed after the rise of the 
planet called the unnata, the shadow is to be computed 
as in the case of the Sun's shadow. Having thus com- 
puted the shadow or what is the same, the zenith distance 
of the Moon or that of the stars, the instrument called 
Nalaka could be pointed to the spot where that celestial 
body is situated. (13) 

The Mahasanku of the Moon or planets (R cos Z) 
reduced by one fifteenth of the respective daily 
motion gives the visible sanku when the radius is taken 
to be 3438. If the radius is taken as 120, 1 /430th of 
the daily motion is to be subtracted. If the Mahasanku 
is less then l/15th (or 1 /430th) of the daily motion, then 
the Moon is not visible. This applies to the other 
planets as well, but as this is a neglible matter, the 



earlier teachers did not instruct on its determination. 1 
(14-15). (AS) 

17. 8. 1. '^wfe'-'*KirH!*Kl:' 

cWcT flrfadlHW^ II T II 

^^to^icfrUH w&rm <?i*«i*fo*Hdi ii r ii 

a<ebx<tritfi<,f^<U i i>|faRtR<»t|[^id i: Sj^PT I 

(Brahmagupta, KK, 1.7.1-4) 

Computation of Moon's cusps 
— Xryabhata's Midnight system 

Subtract 703', 535' and 202' (as many times as 
possible) from the sphutakrdnti of the Moon, first in the 
order as the are stated and then in the reverse order. 
(These minutes are the tabular differences of the krdntis 
of the last points of Mesa, Vrsa and Mithuna) . Calcu- 
late from the remainder the caradala of the Moon using 
the caradalas of the rdsis at the observer's station and the 
above numbers. Adding the result to the caradalas 
passed over, the Moon's caradala is obtained. (1) 

Multiply the jyd of the difference or sum of the krdntis 
of the Sun and the Moon, according as they are in the 
same or opposite directions, by the hypotenuse (of the 
right-angled triangle, whose other sides are the gnomon 
and its shadow caused by the Moon), and divide by the 
jyd of the colatitude of the place. Add to or subtract 
from the result the number of angulas in the palabhd, 
in the same or different directions respectively. Thus 
is obtained the thuja, which is the base, and is to the south 
of the Moon's place. The perpendicular is 12 angulas. 
The hypotenuse is the square root of the sum of the 
squares of the base and the perpendicular. (2-3) 

The differences in degrees between the longitudes of 
the Sun and Moon, divided by 15, gives in terms of 
angulas, etc., the illuminated portion of the Moon along 
the hypotenuse calculated above. 

The obscured part in the disc of the Moon, which is 
of 12 digits, may be found as in the case of the Sun. 2 
(4). (BG) 



1 This does not mean that the gnomon casts a shadow of the 
planet; it only means that it zenith distance could be computed 
according to the methods described in Triprainadhikdm of S%Si etc. 



1 For comments and rationale, see Si£i:AS, pp. 466^70. 
* For a demonstration of the formulae and proofs, see KK:BC, 
I. 132-34. 
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— ^T^T: 

17. 8. 2. ^mfercr fefk% 

^-HMH^M o fl^H II \ II 
^^Jd^H'td^ SR: 1 1 1 1 

sshr ^i ^<^ ^ d> s^T it ^ n 
err *prt ftn+iw 

qfag#fofe5' II <H II 

-\ -O ° O -O 

r«mfldT ^rftr^wrferT i 

^mot^^<^miPi <n%nr II 1* I I 

(Lalla, SiDhVr., 9. 6-14) 

— LaUa 

To know the cusps of the Moon, one must first find 
the true longitudes of the Sun and the Moon on the 
second day of the light half of the lunar month, at 
sunset. (6) 

Multiply the R sine of the Sun's declination and that 
of the Moon separately by the radius. Divide each 



product by the R sine of the local colatitude. The 
results are respecitvely the R sines of their amplitudes. 
(Hence find the amplitudes) . Then find the base of the 
altitude of the Moon as exlpained in the case of the 
Sun. (7) 

In the case of the Moon, the sum or difference of the 
R sine of the amplitude and the base of the altitude, 
according as they are in the same or opposite directions, 
is called bahu (bkuja) . In the case of the Sun, the R sine 
of the amplitude itself is the bahu {bkuja). (8) 

(If at any other time besides sunrise and sunset, the 
cusps of the Moon are to be known) , calculate the lagna 
for that time if the Moon is in the eastern hemisphere. 
But if the Moon is in the western hemisphere, increase 
the lagna by 6 Signs. (Each result should be taken as 
the longitude of the Sun.) Then calculate the R sines 
of the amplitudes as explained in the case of the Sun. (9) 

The Sun's R sine amplitude is its bahu (bhuja). If the 
bahu {bhuja) of the Moon is in a direction different from 
the Sun, find their sum. If their directions are the 
same, then take their difference. The result in each 
case is called the 'corrected bahu' (bhuja) or sphulabdhu. 

In the first case, its direction is the same as that of the 
Moon's bahu (bhuja). In the second case, its direction 
is the same as that of the Moon's bahu (bhuja) if the 
latter is greater than the Sun's is bahu (bkuja) ; if the 
Sun's is greater, the direction is opposite to that of the 
Moon's bahu (bkuja). 

(Subtract the square of the bahu (bhuja) of the Sun 
and that of the Moon, respectively, from the squares of 
the R sines of their zenith distance. Find the square 
root of each difference. Find the sum or difference of 
these results according as the Sun and the Moon are 
in the same or different hemisphere. The result is 
called pratkama or 'first'. 

Again, if it is daytime, find the difference of the R sine 
altitudes of the Sun and Moon. But if it is night, then 
find their sum. The result is called anya of 'the other'. 
The square root of the sum of the squares of the prathama 
and the anya is called koti or perpendicular (and is 
parallel to the east-west line). (10-11) 

Now, they say that the Moon's R sine altitude is the 
perpendicular. The square root of the sum of the 
squares of the base (bahu) and perpendicular (koti) is 
the hypotenuse. 

When the lengths of the hypotenuse, perpendicular 
and base are each divided by 200, the results are respec- 
tively the lengths in angulas. (12) 

The difference in the true longitudes of the Sun and 
Moon in degrees, multiplied by the radius of the Moon 
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and divided by 90, gives the illuminated portion (in the 
light half). When the above difference is diminished 
by 180° and the remainder is multiplied by the radius 
of the Moon and divided by 90, the result is the dark 
portion in the dark half. (13) 

Or, multiply the R versed sine of the difference (in 
degrees) in the longitudes of the Sun and the Moon by 
the Moon's radius and divide by the radius. The result 
is the breadth of the illuminated portion of the Moon. 
This may be converted into angulas as before. 1 (14). (BC) 

17.8.3. aMiitfteWi ^fmt ^d^mdlfedH I 
quuHntd^^T fikWM ^Tftl# II \ II 

(Bhaskara I, LBh., 6. 6-7) 

— Bhaskara I 

(In the light half of the month) the R versed-sine of 
the difference (between the longitudes of the Moon and 
the Sun) multiplied by the true diameter of the Moon 
and divided by 6876 gives the measure of the illuminated 
part (of the Moon) . When the difference exceeds a 
quadrant, one should add the radius to the R sine of the 
excess and from that (find) the measure of the illumi- 
nated part. In the dark half of the month, one should 
obtain, in the same way, the unilluminated part (of the 
Moon) with the help of the R versed sine (of the differ- 
ence between the longitudes of the Moon and the Sun 
diminished by 6 Signs) and from the R sine (of the 
excess of that difference over a quadrant) . (6-7) (KSS) 

— *m+<: R 

17. 8. 4. JTRTRTTT^ SP^S^tf^t: 

ijT^Jffasfr: H>PkHlte*l^i: II T II 

1 For elucidation, see, SiDhVr:BC, II. 166-73. 



^^W^ ^tft: II V || 

Pi^vm f^mfr: 

^Tfft^ft f$d*Mgfc=H>^ II * II 

dc*l4iw *r%r: TOW 
f^Tsrpi" f^rrf^r: mfep: 11 ^ u 

(Bhaskara II, SiSi, 1.9. 1-6) 

— Bhaskara II 

Either in the last quarter of a lunation, or in the first 
quarter, on the day when the elevation of the cusps of 
the crescent Moon is to be determined, then either at 
the moment of moonrise or moonset or (for the matter 
of that, during any part of the night) the R sine of the 
altitude of the Moon is to be computed by noting the 
time from the moment of moonrise. (1) 

The R sine of the altitude of the Sun is to be computed, 
assuming the rising Sun to be in the opposite hemisphere, 
south or north (i.e. if it be originally in the northern, 
assume it to be in the south) (and using the formula 
given in verse 54 of Triprasnadhydya, given the time 
measured in asus that has elapsed after sunset). (2) 

The sankutala of the inverse altitude or the latitude 
below the horizon, is north (in contradistinction to 
what it is above the horizon). The sum or difference 
of the agrd and sankutala according as they are of the 
same direction or of opposite directions, is the bhuja. 
The sum or difference of the bhujas of the Sun and Moon, 
according as they are of opposite or the same directions, 
is what is called the spasta-bhuja whose direction is to be 
construed as that of the Moon. If the bhuja of the 
Moon falls short of that of the Sun, then the direction 
of the spasta-bhuja is that opposite to that of the Moon. 
(3-4a) 

I deem that the koti should be taken as the sum of the 
sahkus of the Sun and the Moon, the one being below the 
horizon and the other above, respectively. (4b) 

The hypotenuse or karna is the square root of the sum 
of the squares of the bhuja and kop.. The bhuja multi- 
plied by 6 and divided by the karna gives what is known 
as the dik-valana of the Moon. The direction of the 
valana has the same direction as the spasta-bhuja defined 
before. (5) 

The R sine of the elongation of the Moon is to be 
multiplied by the radius vector of the Moon measured 
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in yojanas, and divided by the radius vector of the Sun, 
also measured in yojanas; the arc of the R sine so obtained 
is to be added to the longitude of the Moon in the bright 
half of the lunation and is to be subtracted from the 
same in the dark half. 1 (6) . (AS) 



17. 8. 5. h\wm 5rmtsfcr%s*r srr^sft 

fem: W^T: WI: II <\ II 
'mTf^^lWI *j**dl+?H*lifi: II ^ II 



^'HiKR^ ^pt ^ FTRT 




q^H^ l sMM : Spf: few qfeflW: II V j| 2 

(Ganesa, GX, 12. 1-4) 

— Grahalaghava 

On the first or last quarter of the (lunar) month when 
the horns of the Moon are visible on any particular day 
during the bright and dark fortnights, the titfns, with 
their fractions, elapsed or yet to elapse, are to be calcu- 
lated from sunset and sunrise, respectively. (1) 

Multiply by 12 the number of tit his gone. To the 
product, add the true position of the Sun in the first 
quarter and subtract it in the fourth quarter. The 
result gives the position of the Moon . 

Multiply the tithi by 16. From the product subtract 
the square of the tithi. Multiply it by the equinoctial 
shadow. Divide by 15. The result in degrees is in the 
northern direction. This value is to be corrected with the 
Sun's declination — the sum of the two if uni-directional, 
otherwise their difference. (Let it be x). (2) 

For the Moon the process is otherwise — difference 
in the case of the same direction, sum otherwise. (Let 
it be.#). Find 2#/15. This gives the true deflection 
(dik-valana) in angulas. From the tithi subtract 1/3 
thereof (i.e. find t—t/5). That would give the phase in 
angulas. (3) 

1 For detailed exposition and rationale, see St&:AS, pp. 482-95. 
a For the rationales, see GL.RCP, II, 108-12. 



The elevation of the cusp is in the direction as that of 
the deflection. In the oppositive direction it is de- 
pressed. The elevation of the cusp is to be had only 
by the valana in angulas. Hence what is the need of 
drawing a graph in this connection? (4). (VSN) 

— m1(H¥I: 

17. 9. 1. fe*T^s£ 'f&m: >I^TK^5^fWf^: I 
^zf xT ^sn^Ts^tef ^fk f&Nd+UlH II ^ 11 

3froff vfl^facl < ^t>Pd RH <ld ^ : II V, II 

3q i *n>WM*mr ^r^jff ^i^ n \ n 

MPmNS fNm: sffa^T TSqT^T^ra" 1 1 ^ 1 1 

(Varaha, PS, 5. 4-7) 

Moon's cusps — Diagram 
— Paulisa 

Multiply the latitude of the place in degrees by two 
and divide by fifteen. By the resulting number of 
angulas or digits (measured along the rim), the northern 
tip of the horn of the Moon should be raised upwards 
(as caused by the latitude at the time of first visibility) . 
This raising should be directed upwards like the i Bkuja y 
which we are going to mention. The number of digits 
of illumination of the Moon's orbit, (usually called 
merely 'digits') ■, is the twelfth part of the difference in 
longitude in degrees, last found, and should be directed 
like the 'hypotenuse', which we are going to mention. (4) 

The difference in declination last found should be 
added to the Moon's latitude or subtracted from it, as 
the directions of the Moon's ayana and its latitude by 
the same or different. (This refers to the visibility in 
the west in the evening. With reference to the visibility 
in the east in the morning, the addition and subtraction 
is done vice versa). The result is called l koti\ The 
difference in longitude is called the hypotenuse'. The 
'Bftuja 9 is the square root of the difference of the squares 
of the hypotenuse and the 'KotV. (5) 

The 'KotV to be drawn on that side of the Moon 
towards the sun, north or south, which is got in com- 
puting it, using the scale, one cftgala — one degree of 
koti. The Bhuja and the hypotenuse also should be 
drawn to the same scale. (6) 

Thus, first there is the hypotenuse from the centre of 
the Moon to that of the Sun. From the centre of the 
Sun the 'Ko$V is laid in the direction computed for it. 
Then from its termination the 'Bhuja 1 is laid towards the 
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Moon's centre. On the rim of the Moon represented 
by a circle of fifteen angulas, the raising of the horn in 
ahgulas due to the latitude of the place is to be done. 
At the centre of the two ends of the horns the illumination 
in digits is to be represented on the diameter. There 
the arc (forming the upper boundary of the illumina- 
tion) is to be drawn (by making the arc pass through 
the two ends of the horn and the point in the middle to 
which the illumination extends. 1 (7). (TSK) 

17.9.2. $ q"*rnfo hhhi?t ^ <re*rre 

um\< n*n+<iN^w w ii n II 

'^4+^ I 

qrfrftrf^^"^ ii ii 



cfcT d^TdHH^'Mfa^ 

<rt l dl<H<rt l ddd is"nsrc: WTf : II IS. II 

ff^Trft^^rd <?*5^RT II 
snyrfaddd)^ %?RTO- 

fa^fa«3W»Hi II ^° 1 1 

(Lalla, £i)AFr., 9. 15-20) 

— Lalla 

Moon diagram 

Mark a point on a level surface and assume it to be 
the Sun. From this point draw a straight line equal 
to the correct base (bhuja) and in its own direction. At 
the end of this line draw another straight line at right 
angles to it and equal to the perpendicular. If the 
Moon is in the eastern hemisphere, the perpendicular 
should be drawn to the west. If the Moon is in the 



iFor elucidation, see P£:TSK, 5. 4-7. 



western hemisphere, the perpendicular should be drawn 
to the east. Then draw the hypotenuse from this 
point to the Sun. (15) 

The Moon's centre is at the point of intersection of the 
perpendicular and the hypotenuse. The direction of 
the hypotenuse is the east-west line (in the Moon's disc) . 
Draw the north-south line at right angles to it (and 
passing through the centre of the Moon's disc) by means 
of fish -figures. All this should be drawn with chalk 
and very clearly. (16) 

If the breadth of the illuminated portion as calculated 
above is for the bright half of the lunar month, it' should 
be marked along the hypotenuse from the west point. 
From the same point should be marked the breadth of 
the dark portion, if it is for the dark half of the lunar 
month. Then draw two fish-figures using this point 
and the north and south points. (17) 

With the point of intersection of the two lines joining 
the mouths and tails of the two fish-figures as centre, 
draw a circle to pass through the point marked above. 
This is the circle which shows the illuminated portion 
in the Moon's disc. (18) 

The lower cusp of the Moon is on that side on which 
lies the base (bhuja) measured in angulas, and the other 
is the higher cusp. 

When the illuminated portion is equal to half of the 
Moon's disc which is bisected by the diameter, the 
Moon has the beauty of the forehead of a woman 
belonging to the Lata country. (19) 

The Moon's higher cusp rises first and sets last. The 
cusp of the Moon, when its crescent is very narrow, has 
the rich beauty of the middle portion (centre) of ketaki 
flowers. (20). (BG) 

— MWW. <\ 
17.9.3. cblfd^i 



II <\R II 

^^r^fft^TT ^FTfe: 'Jffcft TfrRt FJOT I 

+"lf<i<HKd*tm RkWti: M<w3 II ^ II 
^^>fr^far$ cRfta: fad^M*1 : II n II 

r^^^HfiOiiir^cirH^Ti *nRfrfNhr 11 ^ u 
^rH.l«** , <(Htfer6«iw<in*lP*i*ll+<: ll ^ li 
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mW\ ^gHlfc^M<lfaTOFpT*T It II 

(Bhaskara I, LBh., 6. 12-18) 

— Bhaskara I 

Lay that (base) off from the Sun in its own direction. 
(Then) draw a perpendicular line passing through the 
head and tail of the fish-figure constructed at the end 
(of the base). (This) perpendicular should be taken 
equal to the R sine of the Moon's altitude and should 
be laid off towards the east. The hypotenuse-line 
should (then) be drawn by joining the ends of that 
(perpendicular) and the base . ( 1 2b- 1 3) 

The Moon is (then) constructed with the meeting 
point of the hypotenuse and the perpendicular as centre; 
and along the hypotenuse (from the point where it 
intersects the Moon's circle) is laid off the measure of 
illumination towards the interior of the Moon. (14) 

The hypotenuse (indicates) the east and west 
directions: the north and south directions should be 
determined by means of a fish-figure. (Thus are 
obtained the three points, viz.) the north point, the south 
point, and a third point obtained by laying off the 
measure of illumination. (15) 

(Then) with the help of two fish-figures constructed 
by the method known as trisarkaravidhdna draw the 
circle passing through the (above) three points. Thus 
is shown, by the elevation of the lunar horns which are 
illumined by the light between two circles, the Moon 
which destroys the mound of darkness by her bundle of 
light. (16-17) 

(When the Moon is) in the eastern half of the celestial 
sphere, the true base should be found out with the help 
of the rising point of the ecliptic and the Moon's agra> 
etc.; and the unmentioned element (i.e., the upright) 
should be laid off towards the west. (18). (KSS) 

— ^<"KHM 

1 7. 9. 4. ^WKM<?t fc^qt 

(Deva, KR, 6.9-10a) 

— Karanaratna 

Of the Moon lying in the eastern or western 
hemisphere, the true koti, which has already been (calcu- 
lated and) set down at another place, should be laid 
off in its own direction. Then, along the head and 



tail line of the fish-figure drawn at the extremity of that 
koti, should be laid off the (true) bdhu. Thereafter, 
taking (the extremity of the true bdhu as centre and) 
the Moon's semi-diameter as radius, one should draw 
the Moon, which is circular, smeared with water, 
deflected from the ecliptic, and pertaining to which a 
variety of results have been set out here. (9-10ab). 
(KSS) 

— ^ 

17.9.5. OTijfo f^F? ^TT ^FTR ^rf ^RT^^: I 
ftfeTfe ^|TF 3TT^rf ^T?PT#^t: II <\ II 

*wf^yifa*fl: sn^^K^^T^Fft: II ? II 

^hTTT^^^T ^TTfftw^f^f It 3 II 

mrn^^TPT^ft ^Frnrrsr ft^f w v u 
^Rm«rr ?<&m ^c^©*r*i^ 1 1 x 1 1 

cTOTBIK fafcr#? W^sl^d 3rf ^"11 % II 

fsF^tafg ^rr^ ^H^ts^r d^wid u \s n 
fahfld^gi t*i ?tot ^raRTT^rnrm 1 

«T <WMH>i f^^^TcT d^V-^lld II s II 

^S3t5«r f?pft*R^ ^qrif|^|H+ ^ It 5. II 

mi^chh ^rre srftrt ferPfcr q^^r \\<\o\\ 
fefa^tWl : FTr^^pft: i&m II <n u 

(ABh. II, Mahd., 8. 1-12) 

— iryabhata II 

Upon an even surface, having fixed a point (bindu), 
describe from it a circle with (a radius of) 40 digits 
{ahgulas). Fix the cardinal points thereon. In that 
circle, in the east, the deflection (valana) is to be laid 
off in the same direction as the Sun and Moon ; and in 
the west always in the opposite direction. In a lunar 
(eclipse) contact (sparsa) and separation (vimoksa) take 
place in the east and west (respectively) ; in a solar 
(eclipse) the contrary (is the case) . (1-2) 
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Draw (with the same centre, a second) circle with (a 
radius equal to) half the sum of the diameters (of the 
eclipsing and eclipsed bodies) (mdnaikydrdha), and (a 
third) with a line (equal to) half (the diameter of) the 
eclipsed body {grdhyakhanda) (as the radius). Where 
the line (joining) the extremities of the deflection and the 
centre {valana grabindusutr a) meets the circle (with the 
radius of) half the sum of the diameters (of the eclipsing 
and eclipsed bodies) (mdnaikyakhandavrtta) , there draw 
the latitudes of the Moon onto that circle, with opposite 
directions (as calculated) ; and (those) of the Sun in the 
direction as obtained. From (either) extremity of the 
latitude a line is to be drawn to the centre. 

(The two points, at which) these (lines) cut the circle 
(with the radius equal to) half (the diameter of) the 
eclipsed body (grahydrdhajavrtta) are (the points of) 
contact and separation. (3-5ab) 

From the extremities of the deflection, draw a fish 
figure. On the line joining the mouth and tail of it 3 
lay off from the centre, the latitude for the middle (of 
the eclipse), in the opposite direction for the Moon, and 
in the same direction for the Sun. From the extremity 
of this latitude draw a circle with (a radius equal to) 
half (the diameter of) the eclipsing body (grdhakakhanda). 
(5cd-6) 

(The portion of) the circle of the eclipsed body 
(grdhyavrtta), cut by this (circle), is the maximum 
obscuration of the Sun or Moon. 

From the centre lay off the base {bdhu) on the line 
(joining the extremity) of the deflection (and the centre). 
From its end lay off a stick (equal in length to) the 
perpendicular (kotisaldkd) in the proper direction, either 
north or south. Place a stick (equal in length to) the 
hypotenuse (sravanasaldka) from the centre touching 
the end of the perpendicular. From (the point) where 
they touch draw a circle (with a radius equal to) half 
the diameter of the eclipsing body. (The portion it 
cuts from the circle of the eclipsed body) is the (amount 
of) obscuration at a given time. (Similarly), the points 
of immersion (nimilanaka) and emergence (unmilanaka) 
(can be projected with the deflection and the latitudes) 
of a total obscuration. (7-9) 

(For the projection of) the elevation of the lunar 
cusps (srngonnati) draw a circle (with a radius equal to) 
half the diameter of the Moon. In the bright half of 
the lunar month, the deflection is to be laid off in the 
east; and in the dark (half), the direction be marked in 
the west. (10) 

On the line (joining the centre and the extremity) of 
the deflection lay off the perpendicular from the centre. 
From its end. draw a circle with a line (equal in length 



to) the hypotenuse, (as radius. The points, at which it 
cuts the main circle, indicate) the position of the lunar 
cusps. (11) 

The elevation of the lunar cusps is to be drawn by 
astronomers only when the illuminated part is less than 
half (the Moon's diameter). In drawing the diameter 
etc. digits (angula) are (to be considered) equal to 
minutes. 1 (12). (SRS) 

1 7, 9. 6. 5q#=|^m'^| } Wft 

HHdi %H\<d fa^HIHWTW II ^ II 

stp^tfrt: sr*r*r£ s^ott st^tr; 1 1 * 1 1 

(Bhaskara II, Si&., 1. 9. 7-9) 

—-Bhaskara H 

Let the compliment of the elongation (corrected as 
directed in verse 6) divided by 15 be the denominator; 
let the numerator be 36; take the result after division 
and put it in two places; with this and the complement 
of the elongation divided by 15, using sankramaganita, 
we have successively Vibhd and Svabhd. (7) 

Draw a circle with radius 6 angulas to represent the 
disc of the Moon. Mark the disc with the cardinal 
points signifying the east, West, north and south. 
Compute the valana as directed in verse (5) (which 
represents E' G' in fig. 1 19) and mark it off as a R sine 
from the west point W in the last quarter and from the 
east point E in the first quarter. (8) 

From the centre M of the Moon's disc, mark off the 
Vibhd MG (computed as directed) along the join of MG\ 
With centre G and radius Svabte (already computed as 
directed) draw a circle. The spherical sector of the 
Moon's globe thus demarcated by the arc of the circle 
ADB, namely AGBD, is found to have the elevated cusp 
in the opposite direction in which the valana has been 
marked. 2 (9). (AS) 



1 For diagrams and rationale, see Maha :SRS, II. 138-43. 

2 For details, see, Si&:AS, pp. 494-98. See also the fig. therein, 
no. 119. 



18. tiSKdHq * - HELIACAL RISING AND 

SETTING OF PLANETS 



18. 1. 1. x|<^ul4|»Hftr«RT^«Mi^|^ii(|M(d ^f^OTlcf I 

sr^rwtscq-s^ftfsr: wmn ^ddPnwH iik^ii 

* (Varaha, PS, 4.51) 

Heliacal rising and setting 

For the luminaries other than the Sun and the Moon, 
(i.e. for the star-planets), while carrying out the several 
operations, and using their respective latitude and day- 
diameter, and getting the caranadis etc. in terms of their 
respective savana days, not only the work of finding the 
shadow for the given time and time for the given 
shadow as above, but also their daily risings and settings 
and reduction to different localities, should be thought 
out and done. (51). (TSK) 

18. 1.2. STW*rts?q ^l^5fd 5# 

(Ganesa, GL, 9. 11) 

Direction of rising and setting 

The planet which moves slower than the Sun, rises 
heliacally in the east if its rdsimana is also lesser than that 
of the Sun. The planet having a quicker motion than 
the Sun and a greater rdsimana riser in the west. 

The planet with slower motion and greater rdsimana 
sets in the west; that with quicker motion and lesser 
degree sets in the east. 1 (11). (VSN) 

18. 2. 1. '^F^'-'fe:' 'mm' 'fefa^i:' 

(VatesVara, VsL, 2-4. 14-15) 

Days of setting and rising 

120, 16, 30, 8 and 36 are the days during which the 
planets, Mars etc., remain in heliacal setting in the west. 



1 For elucidation and rationale, see, GL:RCP, II, p.70. 



Mercury and Venus are said to remain in heliacal 
setting in the east for 32 and 75 days, respectively. (14) 

After 660, 34, 369, 251, and 342 days (since rising in 
the east in the case of Mars, Jupiter and Saturn and in 
the west in the case of Mercury and Venus) the planets, 
Mars etc., again set in the west. (15). (KSS) 

18. 2. 2. ^l^fa?0^H*0H l - 

^rfij^rFTT: <*fa*i prr fen i fn i 
<f^d i *r^Rw fam+ifar: n ^ n 

(Lalla, SiDhVr., 3. 26) 

The difference in minutes between the (last) sighra- 
kendra of a planet (obtained while calculating its true 
longitude), and that for its heliacal rising, setting or 
retrograde motion, When divided by the difference in 
minutes between the motion of the sighrocca and the 
planet's motion after correction or mandasphutagati, 
gives the days passed or to be passed in respect of any of 
the above phenomena. (26). (BG) 

^RRd^R^i^i M^rs^ i 

°M?WHII f^T^T^rr ftw^TT pHlRi+l: II R II 

(Bhaskara I, LBh., 7. 1-3) 

Planetary elongation for setting and rising 
— Bhaskara I 

If Venus corrected for the visibility corrections is 9 
degrees (of time) distant from the Sun, it is visible. 
Jupiter, Mercury, Saturn, and Mars are visible in the 
clear sky when their distance (from the Sun) are nine 
degrees increased successively by twos (i.e., when they 
are respectively at the distances of 11, 13, 15 and 17 
degrees of time from the Sun). The degrees of time 
multiplied by 10 are known as vinddikds. (1-2) 

(When the planet is to be seen) in the east, (its) 
visibility should be announced by calculating the time 
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(of rising of the part of the ecliptic between the Sun and 
the planet) by using the oblique ascension of that very 
Sign (in which the Sun and the planet are situated) ; 
(when the planet is to be seen) in the west, (its) visibility 
should be announced by calculating the time (of setting 
of the part of the ecliptic between the Sun and the planet) 
by using the oblique ascension of the seventh Sign . (3) . 
(KSS) 

— «k: 

18. 3, 2. *$dfeH+<M<-hfTT: 

(Varaha, PS, 17-12) 

— Saura 

The heliacal rising and setting of the Moon, Mars, 
Mercury, Jupiter, Venus and Saturn are, when their 
elongation (from the true Sun) are 20 less, respectively, 
by 8, 3, 7, 9, 11 and 5 (i.e. when they are 12°, 17°, 13°, 
11°, 9° and 15°), (12). (TSK) 

— <MUKHH 

18. 3. 3. V-'^'-'TOT-sh JvFp*- 

f^ft#5^T mil 

M V - <m <fc »iY yr f h h mi I^ -T m m i *d q i 

MHK^i T^TTO^'-M * I gd "H *H I 3 <t> 'T^W II 5 II 
<ij| fi|| Ra Pm Rst '-'m f Rti </- 
^K^l fill '-'TOT'-ft £M ^1 S? I , 

^f^T q^WRWT: 1 1 V | j 

(Deva, KR, 8. 1-4) 

— Karanaratna 

At 27, 14 and 20 degrees, (respectively), of (sighra) 
anomaly, Mars, Jupiter and Saturn rise in the east: 
and at 360° diminished (respectively) by the same 
(degrees), they set (in the west). (1) 

At 59°, Mercury rises in the West; at 157°, it sets 
(in the west); at 211°, it rises in the east; and at 300°, 
it sets (in the east) . (2) 

Venus rises in the west at 24°, and sets (in the west) 
at 177°. It rises in the east at 183° and sets (in the 
east) at 337°. (3) 

At 180° diminished (respectively) by 17, 33, 51, 15 
and 65 (degrees) of (sighra) anomaly, Mars etc. take up 



retrograde motion; and at 180° increased, (respectively), 
by the same (degrees), they abandon it. 1 (4). (KSS) 

— ^TT^T: ^ 

18. 3. 4. yi^jmSfd ftffftf^sV^f:' 

^ft^TtHWM^ MdMW II II 

STRICT: %Sff¥5l*TFr- 

ON C 

•o 

i^^l^^M l: II VY || 

(Bbaskara II, Si$i. 9 1.2. 42-44) 

— Bhaskara II 

Mars rises heliacally in the East by 28°, Jupiter by 
14°, Saturn by 17° of sighra anomaly and set heliacally 
in the west by the degrees which are the differences of 
the above and 360°, respectively. (42) 

Mercury and Venus i ise in the West by 50 and 24 
of sighra anomaly, respectively, and set in the West by 
155° and 177°, respectively. They rise in the east 
by 205° and 183° of sighra anomaly and set there by 
310° and 336°, respectively. (43) 

When the sighra anomalies have particular values, to 
decide when the planets rise or set heliacally, we have 
to take the difference of those particular values and the 
numbers given above for the respective sighra anomalies, 
convert them into minutes of arc and divide the results 
by the daily motion in the tighra anomalies in minutes 
of arc. Then we have the number of days in which the 
rising or setting takes place thereafter. 2 (44) . (AS) 

e 

18. 4. 1. 5TRJ fo^T ^fadld *pqRTT<T 5 HfV^ i 

#£?rfsq*nwft: H*t»fcH3nr ^rr: n ^ it 

*Nft: ^WNft^ftft * 33T^f T^f II 3 
(Ganesa, GL, 9. 17-18) 



1 For tables of planetary motion, see KR:KSS p. 94-95. 

a For an exposition, see SiiSi:AS, pp. 167-70. 

8 For elucidation and rationale see GL:fiCP, II, pp. 80-83. 
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Visibility corrections 

Subtract 3 rasis from the planet's eastern rising point 
and add the same to its western rising point. From 
these find the krdnti. Apply the correction with the 
latitude in degrees, being the sum of the two in case 
both are uni-directional, difference otherwise. Nai&rhsa 
is thus got. (17) 

6, 7, 8, 9, 12, 17, 33 are the khandas. Divide the 
natdrhsas by 10. Add to the quotient the value of the 
khanda specified for it. Keep it separate (and call it, 
say x) . 

Multiply the remainder by the succeeding value of 
the khanda. Again find l/10th of this product. Add 
this to the khanda obtained earlier. Multiply by the 
sara in angulas. Divide the product by 12. The result 
gives the visibility correction, Drkkarma, in minutes. 
These minutes are to be added to the true position of 
the planet, if the sara and natafhsa are in the same 
direction; otherwise drkkarma is to be subtracted. 1 (18). 
(VSN) 

— rlc^i l 

18. 5. 1. 3^: 5TR^T SRTT% tffal: ST'fa =3T^f JT?: 

5tfeft ^ eft ^Wt MrsMM cTS^RITcT 1 1 

'ii <h i %fa $ 'ft wnrd^t h i f^rsrt 

<F#^g^<:AMd ^HR^fi': *«mii|<i: *T^:il ^11 

'Tft-T^|^ f^^9WUHM<jf ^d" 1 1 3 1 1 
frR^fefa wwg-f^: II * II 



1 This procedure is for knowing the heliacal rising and setting in 
the east. The process is t6; be reversed for the west. 



^TW^TT^f: II K II 
TRzf^VH I <^(d A ^tsfsPFR T[rfr zft 

^W)4dlcH^<^3f^ d<4*HH II ^ M 
*TdTfc *TWft' ^ fife 'MI II '3 It 

*rth% fir^t? for#r rrrf^T i 
<r«rta# T^idiPr enfir i i ^ i i 

(Lalla, SiDhVr., 8. 1-8) 

Computation of rising and setting 
—Lalla 

The planet, which has a motion slower than that of 
the Sun, always rises (heliacally) in the east and sets in 
the west. The planet which has a faster motion rises 
in the west and sets in the east. So, Mars, Jupiter, and 
Saturn, (which have a motion slower than that of the 
Sun), always rise heliacally in the east and set in the 
west. Mercury and Venus, when retrograde, do the 
same. But when they have direct motion, (which is 
faster than that of the Sun), they rise heliacally in the 
west and set in the east. And so does the Moon. 

(The daily rising and setting) is due to the wind called 
Pravaha. Then the planet with a lesser longitude than 
that of the Sun rises before sunrise and sets before sunset; 
and that with a greater longitude rises after sunrise and 
sets after sunset . ( 1 ) 

Planet corrected for ecliptic deviation 

Multiply the radius diminished by the R sine of the 
true longitude of a planet, as calculated, by 1397 and by 
the latitude of the planet. Divide the product by 
1,18,19,844. The quotient in minutes etc. should be 
added to the true longitude of the planet if its latitude 
and declination are in opposite directions, and should 
be subtracted if they are in the same direction. The 
result is the longitude of the planet corrected by the 
visibility correction due to the ecliptic deviation or 
Ayanadrkkarmakald. (2) 
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Planet corrected for visibility 

Or, multiply the R versed sine of the true longitude 
of a planet increased by 3 Signs by the latitude and 
divide by 8461. Add the quotient in minutes to or 
subtract it from the true longitude of the planet follow- 
ing the rule given above. Multiply the latitude (of 
the planet) by the R sine of the local latitude and divide 
by the R sine of the colatitude. 

Or, multiply it, (the latitude), by the equinoctial 
midday shadow expressed in angulas and divide by 12. 
(The result in each case is the visibility correction due 
to the local latitude) or Aksadrkkarmaka. It is called 
Saurikd or 'due to the Sun'. (3) 

If the second visibility correction is calculated from a 
northern latitude (of a planet), it should always be 
subtracted from the corrected longitude of the planet 
on the eastern horizon. If, however, it is calculated 
from a southern latitude, it should be added to the same. 
The reverse is the process for the western horizon. The 
planet thus corrected is called Drggraha. (4) 

Corrected by the two visibility corrections, the Moon, 
Mars, Jupiter and Saturn are heliacally visible when 
separated from the Sun by a kalathsa (of 'degrees of 
time') of 12°, 17°, 11° and 15°, respectively. Mercury 
and Venus (are heliacally visible) when in direct motion 
(when separated from the Sun) by a kalathsa of 1 3° and 
90°, respectively, and, when retrograde, by a kalathsa 
of 12° and 8°, respectively. 

(If the heliacal rising and setting of a planet) on the 
western horizon is considered, the true longitude of the 
Sun and that of the drggraha should each be increased 
by 6 Signs. (5) 

(Find the Sun's true longitude at sunrise or sunset 
and the drggraha whether on the eastern or the western 
horizon, as the case may be) . From the lesser of the 
two, find the time to be passed in asus, and, from the 
greater, the time passed. To the sum of the two times 
must be added the times of rising of the intervening 
Signs of the zodiac. The result divided by 60 gives the 
required kalathsa or degrees of time of the planet. 

Remember that when a planet is separated from the 
Sun by a kalathsa less than its kalathsa for visibility, as 
mentioned above, the planet remains invisible. (6) 

Rising and setting corrected by degrees of time 

Find the difference expressed in minutes between the 
kalamsa of a planet at any time and the kalathsa for its 
visibility. Divide it by the difference of the true motions 
of the Sun and the planet, if they are moving in the same 
direction, and by the sum, if they move in opposite 
directions. The quotient in days gives the time elapsed 

19 



or to come (as explained in the next verse). This is, to 
be understood logically. (7) 

When the setting of a planet is considered, if the given 
kalathsa for visibility is greater than its calculated kdldths'a, 
know then that the planet has set heliacally before the 
number of days as found above ; if the former is less, 
the planet will set after these days. When the rising 
is considered, in the former case, the planet will rise 
after the days calculated, and, in the latter case, the 
planet has risen before the days calculated. 1 (8) . (BC) 

18. 5. 2. *wj^7nrf%$*i]: +Miylg-MTi3«?eifV: i 

f^HiAH^iTST WteCT 0$ fl| sfaTT: IR II 

<T^prqiFT sfft TF^nf^TRtRW^ 1 1 \\\ 

Tr+JAjd^^^fd+f: II V II 

(Brahmagupta, KK 9 1.6. 1-4) 

— Xryabhafa's Midnight system 

Venus, Jupiter, Mercury, Saturn and Mars, corrected 
by the two drkkarmakalas, become heliacally visible, 
when separated from the Sun by kdldmsas of 9°, 1 1°, 13°, 
15°, and 17°, respectively. They become invisible, 
when separated by less. The Moon becomes visible, 
when separated from the Sun by a kalathsa of 12°. (1) 

The product of the viksepa of a planet and the jya of 
its longitude, increased by 90°, should be divided by 
371. The minutes thus obtained are called ayana- 
drkkarmakala. These minutes should be subtracted 
from the longitude of the planet if the viksepa and the 
ay ana are of the same denomination (that is, if the 
viksepa is to the north, and the longitude of the planet 
increased by 90° is between Mesa and Tula, or, if the 
viksepa is to the south and the planet increased by 90° 
is between Tula and Mesa. These minutes should, 
however, be added to the longitude of the planet, if the 
viksepa and the ayana are of different denom inations . (2) 

Multiply the viksepa of a planet by the palabhd at the 
observer's station and divide by 12. If the viksepa is to 
the north, subtract the result from the longitude of the 
planet on the eastern horizon corrected by the ayana- 
drkkarmakala. Thus is obtained the udayalagna of the 
planet. The previous result should be added to the 
longitude of the planet on the western horizon corrected 



1 For detailed exposition and demonstration see SiDhVftBC, II, 
151-58. 
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by the dyand-drkkarmakala. Thus is obtained the asta- 
lagna of the planet. If the viksepa is to the south, the 
previous result should be added to obtain the udayalagna 
and subtracted for the astalagna. (3) 

If the udayalagna of a planet is less than the lagna, the 
planet has already risen; if greater, the planet will rise 
later. If its astalagna increased by 6 Signs or 180° is less 
than the lagna, the planet has already set; if greater, the 
planet will set later. These times in ghatikas can be 
ascertained by means of the difference between the 
planet's udayalagna or astalagna and the lagna, using the 
times of the risings of the rdsis. 1 (4). (BC) 

18. 5. 3. 'sw^fW <rnrtsrT 'f¥*j<nT: j^frnr i 

^WftscHTpfT^^: ST* II 3 II 

T<f^: srm^mt^i^^^K ^frf q^TcT it v n 

sfsprRfr ft^wifr^n^ ^rmr: 1 1 \ 1 1 
n *m Tmt^m *rcr ^r*fj; ii ^ ii 

C "v 

|tf f^f ^nfeR^T TPfftf: 11 * II 

towit^S* ifun^i^ ^ : I 

^TTfim Tf^TT TftWTT mftRTTfamT: 11*^11 
(Brahmagupta, KK, 2. 5. 1-12) 

^-Emendation by Brahmagupta 

The longitudes of the patas of Mars etc., are 40°, 20°, 
80°, 60° and 100°, respectively. The mean viksepas 

i For the formulae and proofs, see, KK :BC S I. 129-31. 



of Mars etc. are 90', 150', 60', 120' and 120', 
respectively. (1) 

The second mandaphalas calculated during the process 
of finding the true longitudes of Mercury and Venus 
should be added to or subtracted from the longitudes of 
their respective patas (as given above), according as the 
mandaphalas are additive or subtractrve. The results 
are their correct longitudes. 

The second sighraphala calculated during the process 
of finding the true longitudes of Mars Jupiter and Saturn 
should be added to or subtracted from the longitudes of 
their respective patas (as given above), according as the 
Hghraphalas are subtractive or additive. The results are 
their correct longitudes. (2) 

When Venus has direct motion, its diameter appears 
smaller, and it rises in the west and sets in the east by a 
kalamia of 10°. When its motion is retrograde, its 
diameter appears bigger, and it rises in the east and sets 
in the west by a kdldrhsa of 8°. Mercury rises and sets 
in a similar manner, with the difference that when it is 
direct, its kdldrhsa is 14°, and 12° when retrograde. 
The diameters of Mars, Jupiter and Saturn always 
appear the same. (There is, therefore, no change in 
their kdldrhsas). They rise in the east and set in the 
west by the kdldmsas already given in KK 1.6.1. (3-4) 

The dhruvaka of Agastya is 2 signs 27° and its distance 
from the ecliptic measured on the declination circle is 
77° to the south. Its kdldrhsa is 12°. (5) 

The dhruvaka of Mrgavyadha is 2 Signs 26° and tis 
distance from the ecliptic measured on the declination 
circle is 40° to the south. Its kdldrhsa is 13°. (6) 

The kdldrhsa of each naksatra is 14°. No dyana-drkkarma 
correction need be applied to their dhruvakas, as they are 
already corrected. The dksa-drkkarma correction only 
should be applied. (7) 

From the udayalagna of Agastya calculate the lagna 
at 2 ghatikas after sunrise by means of the times of the 
rising of the rdsis (according to the method explained 
before) . The result is the udayasurya of Agastya. Again, 
from the astalagna calculate the lagna at 2 gnafikas before 
sunrise. Add 6 Signs to it. The result is the astasurya 
of Agastya. 

In the same manner the udayasurya and astasurya of 
Mrgavyadha may be found. In this case 2 ghatikas and 
10 vinddis should be used. 

Similarly;, the udayasurya and the astasurya of other 
naksatras should be calculated. In this case 2 ghatikas 
20 vinddis should be used. 
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Agastya, Mrgavyadha or any of the naksatras rises or 
sets according as its udayasurya or astasurya is the same 
as the true longitude of the Sun. (8-10) 

Subtract the number of degrees in the natdrhsa of a 
naksatra from 90°. The remainder is its unnatdthsa. 

The naksatra whose udayasurya is less than its astasurya 
is always heliacally visible. (11) 

A naksatra is visible, as long as the true longitude of the 
Sun lies between its udayasurya and astasurya. Otherwise 
it is invisible. 

Find the difference between the udayasurya of a naksatra 
and the Sun, or the astasurya and the Sun. Express the 
difference in minutes. Divide each difference by the 
motion of the Sun. The results give, respectively, the 
number of days passed since the visibility of the naksatra 
and that which will pass before it is invisible. 1 (12). (BG) 

— 3TRNs: ^ 

18. 5. 4. f ^cU^MMH^ : 9pf*ft ^FfT" ^ g^TT: I 

arftsm: WEn^T tfTftrsq- STCPr f^REHT It ^ H 

^fwim i ^^ifi^sfii^^: i 

3T^ft M^cft c^w^k^HIJW II * II 

q?^ft %S fTO^: 3T>T: II % U 

^mlJ^r ^Wr t&S^STT f^FT II \3 || 

^^TOT^t ^miT: i*l0>d+^i: ^WMRT 1 1 ^ 1 1 
(ABh. II, Mate., 9. 1-8) 

— Xryabhata II 

Mars, Jupiter, Saturn, Ganopus (Muni), and Venus 
and Mercury in retrograde motion {vakrin), when (of) 
lesser (longitude) than the Sun, rise in the east, and 
when (of) greater, set in the west. (1) 

Mercury and Venus in direct motion (rjuga), and the 
Moon, when (of) lesser (longitude) than the Sun, set 
in the east; when (of ) greater, rise in the west. When 



1 For worked out examples see, KK:BC > I. 152-54.. 



they are nearer (to the Sun), the rule has to be duly 
reconsidered. (2) 

The degrees of time (kdldrhsaka) of the Moon etc. are 
12, 17, 13, 12, 8 and 15. The said (degrees of time), 
reduced by 30 minutes, (are those) of Mercury and 
Venus in retrograde motion: Moon 12°; Mars 17 ; 
Mercury 13°; retrograde 12° 30'; Jupiter 12°; Venus 8°; 
retrograde 7° 30'; Saturn 15°. (3) 

Find out (the longitude of) the Sun and (that of) a 
planet (corrected for ecliptic deviation and for apparent 
latitude) (drkkheta) (in the east at sunrise). These, 
increased by half a revolution, (are the respective longi- 
tudes) in the west (at sunset) . Multiply (the ascensional 
equivalent of) the drkdna (in which they are situated) 
by the difference in degrees (of the longitude of the Sun 
and the corrected longitude of the planet) and divide 
by 600. (4) 

The quotient gives the "required degrees" (istdmsa). 
When these are greater than the degrees listed above, 
the setting is to come ; and when less, it is past. The rule 
is reverse for the rising. (5) 

If (the longitude of) the planet, (corrected for ecliptic 
deviation and for apparent latitude) (drkkhefa), is 
greater than (that of) the Sun in the east, or less in the 
west, take the difference of the required degrees (istdmsa) 
and those listed above. (6) 

(Find out) the minutes (of the distance in ascension 
of two planets) . Multiply the daily motions (gati) (of 
the two planets, each by the ascensional equivalent of) 
the drkdna (in which it is situated) and divide by 600. 
By the sum (of the two quotients), if one planet (of the 
two) is retrograde, otherwise, by their difference, (divide 
the minutes obtained above). By the quotient in days, 
it can be determined, as shown before, whether (the 
conjunction) is to come or is past. (7-8ab) 

The polar longitude (dhruvaka) of Ganopus (ghatqja) 
is 85°, and the (polar) latitude is 77 (degrees) south of 
the declination. (8cd). (SRS) 

18. 5. 5. '^s^^f^TG^: , 'spnfrr' 'f^f^j^M: ( 
^^m€ $wil<fMi, ^# ^^wft: II <i II 

^kuifa^T: q^K*ci *n«t$.*U c Ml : II ^ II 

37?tt: stiwt mfer, *rfo*ft cr*rr 1 

5 m^flr ts: mi-^h^h^ II 3 n 



18. 5. 5 



INDIAN ASTRONOMY — A SOURCEBOOK 



260 



*mHI*M<Wlft d^MslMpWrl H V9 II 

(PiT, 5. 1-7) 

— Vakyakarana 

For Mars, direct Mercury, Jupiter, direct Venus, and 
Saturn, the approximate dates of heliacal setting and 
rising are 60, 16, 15, 30 and 15 days respectively, before 
and after the days of the ends of cycles. For retrograde 
Mercury and Venus they are 50 and 287, respectively. 
(l-2a) 

Mars, Jupiter and Saturn, and retrograde Mercury 
and Venus, when having longitudes greater than the 
Sun set in the west, and when having longitudes less than 
the Sun rise in the east. Mercury and Venus, in direct 
motion, set in the east when less than the Sun, and rise 
in the west when greater. (2b-4a) 

The Jfcfl/aw/fl-j are: For Mars 17°, for Mercury 13", 
for Jupiter 11°, for Venus 8°, for Saturn 15°, for retro- 
grade Mercury 12°, and for retrograde Venus 6°. (4b-5a) 

If the rising or setting pertains to the east, multiply 
the kalafhsa-s by 5 and divide by the rdHmdna, in nadis, 
of the raii in which the body is situated. If the rising 
or setting pertains to the west, divide by the rdsimdna 
in nadis of the 7th raft from that in which the body is 
situated. Ksetrdmias are obtained. (4b-5a) 

In the case of the east, the ksetrdthsa-s are to be 
deducted from the Sun, and in the case of the west, 
added. When this corrected Sun and the body are 
equal, i.e. in conjunction, then is the time of the heliacal 
setting or rising. Here too, the time is to be found 
as that of conjunction. 1 (6b-7). (TSK-KVS) 

— wrm: ^ 

18. 5. 6. MH<^% : FTPJXqT^FT- 

Hi-HlRHd: FTRT *T PnkiU^ II ^ II 



* For worked out examples see, VK: TSK-KVS, p. 285. 



4t^+M^<iWHwi ii \ n 

q d^imiHWM^qM : II * II 

*rfir !tto yfa^w i 

w^mr cr#*r w<mh it v n 

■o 

^srfor; tot Ptwt 

bt^5 ^rPt: *PT^T: 1 1 V9 II 

(Bhaskara II, SiSi., 1.8. 1-7) 

— Bhaskara II 

The udayalagna of a planet is termed Prdk-drk-graha 
and the astalagna is termed the Pascima-drk-graha. If the 
Prdk-drk-graha happens to be less than the current lagna 
the planet had already risen. If it be greater, the planet 
is still to rise. Similarly, if the Pascima-drk-graha is less 
than the curernt lagna, the planet had already set; 
otherwise is yet to set, (l-2a) 

Find the time that has elapsed after the planet's rise. 
From this time, obtain the arc that would have been 
traversed in between the moments. Subtracting this 
arc from the planet's position at the moment, the planet's 
position at rising would be obtained approximately. 
From this approximate time again, compute the arc 
that would have been traversed by the planet during 
that time. Subtracting this arc, which is nearer the 
truth from the planet's present position, we obtain a 
more approximate position of the rising planet. Again 
computing the Prdk-drk-graha from this position, calculate 
the time from this Prdk-drk-graha and the lagna of the 
moment. Repeating the process we will obtain the 
actual sidereal time in between the given time and the 
actual rising time of the planet. (2b-3) 

Heliacal rising and setting of planets 

The times of rising and setting of a planet have been 
dealt with. Now I shall tell the procedure to be adopted 
in computing the times of heliacal rising and setting of 
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a planet. If a planet has a daily motion less than that 
of the Sun, it rises heliacally in the east, and sets in the 
west ; otherwise the reverse. (4) 

Speciality of Mercury and Venus 

Mercury and Venus rise heliacally in the west in 
their direct motion, (attain maximum elongation before 
they) become retrograde, set heliacally there itself, then 
rise heliacally in the east continuing to be retrograde, 
(attain maximum elongation there before they) next 
become direct and gradually set there (to rise again in 
the west) as before. (5) 

Distance in degrees 

The kdldths'as with respect to the Moon, Mars, 
Mercury, Jupiter, Venus and Saturn, or the degrees of 
distance from the Sun within which they rise or set 
heliacally are 12, 17, 14, 11, 10, 15, respectively. In the 
case of Mercury and Venus when they are retrograde 
the kdldmsas are 12, and 8, respectively. (6) 

Moment of rising or setting 

If it is to be known when a planet rises or sets heliacally, 
the position of the Frdk-drk-graha or the Pas'cima-drk-graha, 
as the case may be, (Prdk-drk-graha in case the rising or 
setting takes place in the east or the other in the other 
case), and that of the Sun are also to be computed on a 
day a little before the day of rising or setting as prognos- 
ticated by the sighra anomaly. In case the planet rises 
or sets in the west, to obtain the lagna the position of the 
Sun isto be increased by 180. 1 (7). (AS) 

18. 6. 1. ^>l<£^Tl *T£|«H<?HWPh4) 'fa^r'kH'b)fad> 

%Ikti9ild ; Jcft sreT3T^q- Tfr?rrfcfK ^KHsft: it 

'RtIVRm itfi ssft ferr tt#: i 

^%cft Trf^rs^ft^t ^ II Ka II 

(GaneSa, GL, 9.4-5a) 

Jupiter's rising and setting ^ 

From Gaitra month onwards calculate the mdsagana 
and add the cakra for that year to it (say, x) . Divide by 
13 and find (*— x/13). Multiply this by 2. Add 10 
months and 11 days. Divide by 27 and subtract the 
remainder from 27. Dividing this by 2, rdsis etc. are 
obtained (say,^). 

Subtract 15 degrees from y. Take the bhujdmsa of 
the remainder. Divide the same by 12. (Let z be the 
result). In the case of the six months beginning from 



1 For comments, see Si$i;AS t pp. 471-76. 



Mesa and the other rdfis, add z to y. In the case of 
Tula etc. find (y— z). (4) 

Find (y^z) minus fifteen days. This gives the 
setting of Jupiter, (y+z) + 15 days gives its rise. 1 
(5a). (VSN) 

18. 7. 1. sm mjW^HTT: W^ft^T^#: 

'^kVi<i«u<s4: *RpTT '*TFTW's?TT: It K II 

^p^ftf^wpf^ft ^r: ii ^ ii 

^rsr^rr: d^tlHi: i 

^frm^^ft ?Fft: ^T: II V9 it 

(Ganesa, GL,9. 5b-7) 

Venus : Rising and setting 

Find the mdsagana from Citra onwards and the cakra 
also. Multiply the cakra by 17. Add l/45th part of 
the product to the product itself. Again multiply 5. 
Add 64 to the result. Divide by 99. Let the remainder 
be subtracted from 99 and divide it by 5. Keep the 
result, (say separate. (5b-6a) 

Find x — 36 days. This gives the month during which 
Venus sets in the East. Similarly #+36 days denotes 
the months during which Venus rises in the west. (6b) 

If x is less than 9 months and 27 days, then add them 
both. If x is more, take their difference. Keep it 
separate, (say^). Find (^+14) days and (y — 14) days. 
These give, respectively, heliacal setting in the west and 
heliacal rising in the east, of Venus. 2 (7). (VSN) 

18. 8. l. ^ufa^N^i^i+T snrer *t^r ^ 

(Lalla, SiDhVr., 11.20) 

Rising and setting of stars 

The naksatra, whose astdrka is greater than its udayarka, 
never sets heliacally. When the declination of a 
naksatra, corrected by its latitude and the local latitude, 
is greater than 90 ° s the naksatra is not visible at the place. 3 
(20). (BC) 



1 For elucidation and rationale, see GL;RCP, II. 61-64. 
* For elucidation and rationale, see GL:RCP, II. pp. 65-66. 
» For exposition, see SiDhVf: BC, II. p. 197-98. 
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^T: FTK ST^F: t*«TlMH^ci I 

*|Rtn«K H fewr: qppft: II H II 

(Lalla, SiDhVr., 11. 18-19) 

As long as the true longitude of the Sun is between 
udayarka (i.e. that longitude of the Sun with which the 
naksatra rises) and astarka (i.e. that longitude of the Sun 
with which the naksatra sets), so long the naksatra is 
heliacally visible. 

The sum or difference of its correct declination and 
the local latitude, according as they are in the same or 
opposite directions; must then be less than 90°. (18) 

As long as the true longitude of the Sun is between 
the naksatra' s astarka and udayarka, so long is the latter 
heliacally invisible. 

The difference between the udayarka and astarka of a 
naksatra, expressed in minutes, when divided by the true 
daily motion of the Sun, gives the days (for which the 
naksatra is visible or invisible) . (19) . (BG) 



18. 8. 3. 



e^T WW ^4Hlftd*IW^': II W H 

5T3TR^ ^flui^KlfdS^Td I 

filwqfrU <^ i *d^ : 3>«ff%cT II 1* II 

(Bhaskara II, Stfi, 1.11.12-16) 



£tar.f m general 

Compute the udayalagna and the astalagna of Agastya 
and Lubdhaka doing dksa-drk-karma alone. Assuming 
the udayalagna to be the Sun, compute the lagna for the 
ista-kdta-nddis (i.e. after a lapse of ista-nddxs after the 
moment) given before (namely 2 for Agastya and 
2 1/6 for Lubdhaka) which will be the longitude of the 
Sun, when the star (Agastya or Lubdhaka or whatever 
it be) rises heliacally. Thus the udayarka is a point of 
the ecliptic which rises when the star rises heliacally, (12) 

Having computed the asta-lagna of the star, taking it 
to be the Sun, compute the lagna in the reverse direction, 
i.e. the lagna which precedes it by the ista-kdla given. 
If this lagna be decreased by 180°, it will give the longi- 
tude of the setting Sun at the time of the heliacal setting 
of the star. 

Or, again, find the longitude of the point of the 
ecliptic which is ahead of the astalagna which takes 
(60 — istanddis) to rise after the astalagna; this longitude 
decreased by 180° gives the longitude of the setting Sun 
at the time of the heliacal setting of the star. (13) 

The heliacal rising or setting takes place when the 
longitude of the Sun equals the longitude of the point 
of the ecliptic which is technically called the udayarka 
or the astarka, respectively. The difference between the 
longitude of the Sun and that of the udayarka or the 
astarka divided by the daily motion of the Sun gives 
approximately the number of days that have elapsed 
or are to elapse for the heliacal rising or setting as the 
case may be. (14) 

If in the case of a star, the astarka happens to have a 
longitude greater than the udayarka on account of a very 
big northern latitude, that star does not set heliacally 
(and so the question of heliacal rising does not 
arise.) (15) 

Circumpolar stars or Sadodita stars 

If a star has a northern declination greater than 
90^0 (i.e. > 90—8), it will be always above the 
horizon; also if the southern declination is greater than 
90 — (f> 9 such a^star will never be seen in a northern 
latitude, be it Lubdhaka or Agastya or even a planet for 
the matter or that. 1 (16) 



18. 9. 1. AWfaaM l cMfd-^m^ 

f^^^mft^r: I 

H<M:'*$dWK«KW II 1* II 

(Varaha, Br. Sam., 12.15) 

1 For exposition and rationale, see Si$i:AS, pp. 513-18. 
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Ganopus: Rising 

The time of rising of Agastya-Canopus for each 
region should be determined by calculation and 
announced by an astronomer. Now, for Ujjain, it takes 
place when the Sun's true position is 7° short of Sign 
Virgo {Kanya). (15). (M.R. Bhatt) 
18. 9. 2. q^TS^sjfcm^TT 

3? cTFf% ^TT^ 

(Ganesa, GL } 9.22) 



Ganopus : Setting 

Multiply the equinoctial shadow by 8 and subtract 
from 78. When the Sun has this much degree, then 
Ganopus sets. Similarly, 98 is added to eight times the 
equinoctial shadow. When the Sun equals this value, 
then Canopus rises. (22) - 1 (VSN) 



*For elucidation and rationale, see GL;RCP, II. pp. 87- 
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19. 1. 1. ft^f TOt i*^|Ull^M4M^?^^in^rnT'T I 

3ff?r^TK ^fcm OTcTTf^r SFi-WldMI^ II R M 

TO ■^M'frK M<l¥KI3Pjftf*r^^ II 3 II 

(Varaha, Br. Sam., 17. 2-3) 

Types of Planetary conjunctions 

When the planets move in the sky along their orbits 
lying over one another, they appear to our eyes to move 
on an even surface or plane, as a result of their great 
distance (from the earth). According to the degree 
of their seeming approachment, there are four kinds of 
wars as stated by Parasara and other sages, viz. Bheda 
(occupation, cleaving), Ullekha (grazing), Arhsumardana 
(clashing of the rays) and Apasavya (passing southward). 1 
(2-3). (M.R. Bhat) 

19. 2. i. sftsrofrf?^ *fT*T trapT, TRfrs^arr I 

il^Mi^'H T ^T^TT ^(PkW'Vld fa*PTt: II R II 

*k<sj^ u i wft:. forrer ^r^rt ^^nr i 

trszraVr ifd^i M\* } A I » ?ft^TT ^fiT II 3 II 

s Hiim^ui sfH^if^fn ^ tt| i i y i i 

(FA*, 4. l-5a) 

Conjunction : Principle of computation 

When the longitude of a body having a slower direct 
motion is greater, the conjunction is to come ; otherwise 
the conjunction is gone. But if the bodies are in 
retrograde motion, then the conjunction is gone, and to 
come, respectively. If one body alone is retrograde 
and its longitude is greater, then the conjunction is to 
come and if less, it is gone. (l-2a) 

Find the difference in longitude between the two 
bodies in minutes. Divide this by the difference of 



1 The conjanction of the planets is known by different names. 
The conjunction of a planet with Sun is called * heliacal setting' 
(astamaya) ; the conjunction of a planet with the Moon is called 
'union' (samagama) and the conjunction or any two planets other 
than the Sun and Moon is called * encounter ' (yuddha). 



their daily motion in minutes if both are either direct 
or retrograde ; divide by the sum of their motion if one 
alone is retrograde and the other direct. Days etc. are 
obtained. (Thus the time of conjunction is got). 
(2b-3a) 

In the case of direct motion add it to the longitude of 
the body if the conjunction is to be and subtract if the 
conjunction has gone. In the case of retrograde motion, 
subtract and add, respectively. The longitude of the 
two bodies at conjunction is got, which, or course, will 
be equal. 1 (3b-5a). (TSK-KVS) 

— *<«KHH 

19. 3. l. ?rerf ii *^ l h w rei^tsft JFcfr ^ i 

^^TT *T*rF dl^K-Ml: II ^ II 

qfk ^Tci: |*tt ^rr wsnt m II <\\ II 

|zT£R" f^TCYcf WTcft %faF2|d^d4U*: I 

^fir OTf^T^R: ?mm: ^frfa: ^TRT: ll^ll 

qr&H fc^T dcM^IHH^I^i SFT cT§'<T II ^ II 

fepTT fafiRRJ *T*fc*T <T^ fet^»l&M*( I 
d^M^d^ S3TT?T TO^^prfen^M HUM 

f^q: ssffa^ET:, *$dPwi*f *WMfctfT: II R° II 

^^'fe}'-^^ 3T^m^T: ^T: il$l«r!<^l: I R <t 1 1 

(Deva, KR, 8. 13-23) 



1 In short, if the greater longitude is A and the lesser B, and the 
respective motions a and b s (retrograde motion being treated as 
negative), and t is the time of Conjunction to be, t = {A — B) + 
The longitude at Conjunction — A + at = B + bt). For a 
worked out example see VK: TSK-KVS, p. 277. 
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Computation of conjunction 
— Karanaratna 

A planet is said to be faster or slower (than another 
planet), according as its velocity is more or less (than 
that of the other). 

If the faster of the two planets has greater longitude, 
(it should be inferred that) the conjunction of the two 
planets has aready occurred. If (on the other hand) 
the slower of the two planets has greater longitude, (it 
should be understood that) the conjunction of the two 
planets is to occur. (13) 

When one comes to know that the time of conjunction 
of two planets, in close vicinity, is about to occur one 
should subtract the planet with smaller longitude from 
the planet with greater longitude and reduce the differ- 
ence to minutes. One should then divide that differ- 
ence (in terms of minutes) by he difference of the daily 
motions (of the two planets) (in case both the planets 
are in direct motion), or by the sum of the daily motions 
(of the two planets) if either of the two planets is in 
retrograde motion: one should then severally multiply 
the resulting days, arising from the difference of the two 
planets, by the daily motions of the two planets and 
divide (each product) by 60: the result is hv terms of 
minutes. If the two planets are in direct motion, these 
minutes should be subtracted from or added to the 
longitudes of the respective planets, according as the 
conjunction has occurred or is to occur. If either of the 
two planets is retrograde, subtraction and addition 
should be reverse for this planet. 

This is in brief the method stated by the learned for 
the equalisation of the longitude of two planets. 
(14-17). 

The Iteration process 

Again reduce the difference of the longitudes of the 
two planets to minutes, as before; (then find the corres- 
ponding days) ; then (severally) multiply those days by 
the true daily motions of the two planets and divide by 
60; and then subtract the (resulting) quotients from or 
add them to the longitudes of the respective planets, as 
before. Proceeding in this way, correct the longitudes 
of the two planets by adding and subtracting the motions 
of the respective planets. (18-19ab) 

The celestial latitude 

Subtract the longitude of the planet's ascending node 
from the instantaneous longitude of the true-mean 
planet in the case of Mars, Jupiter and Saturn, and from 
the longitude of the planet's sighrocca in the case of 
Mercury and Venus; and then multiply the R sine of 
the bahu of the remainder by the (planet's) greatest 



latitude and divide by the (planet's tighra) hypotenuse : 
the result is the (planet's instantaneous) latitude. 
(19cd-20ac) 

Distance between planets in conjunction 

To obtain the true distane between (the centres of) 
the two planets (when they are in conjunction in 
longitude), one should take the difference or sum of the 
latitudes of the two planets, according as they are of like 
or unlike directions. The (resulting) sum or difference 
divided by 4 gives the distance between (the centres of) 
the two planets in terms of ahgulas. (20d-21) 

When the two planets are together, the planet, with 
greater diameter is the victor. When both the planets 
are to the north of the ecliptic, the planet with greater 
latitude is the victor. (22) 

When both the planets are to the south of the ecliptic, 
the planet with lesser latitude is the victor. When the 
latitudes of the two planets are of different directions, 
the planet with north latitude is the victor. 1 (23). CKSS) 

19. 3. 2. frd4H<^<*K^ T: 5*TW: $*H<fMW I 




aH^rd°^fa^ STW: II ** II 

3ffaT f^npn £dl^+«T?T faSFT: II V. II 

(Brahmagupta, JOT, 1.8. 1-6) 
Xrdharatrika system 

8, 6 and 10, each multiplied by 10, give the 
degrees in the longitudes of the patas (nodes) of Mars, 
Mercury, Jupiter, Venus and Saturn, respectively. 9, 
12, 6, 12 and 12, each multiplied by 10, give respectively 
the minutes in the viksepas of the above planets. (1) 

The jya of the sighrakendra of a planet obtained in the 
fourth operation during the process of finding its true 
longitude, multiplied by the jya of its maximum stghra- 
phala and divided by the jya of its sighrapkala obtained m 
the fourth operation, gives its sighrakarna. 



ABh 

4, 



i The above rules show that, in general, the planet which lies to 
the north of the other is the victor. But Venus xs always the victor, 
no matter whether it lies to the north or south of the other planet. 
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When the sighrakendra of a planet, is 180°, its 
sigkrakarna is the trijyd less the jya of its. maximum sighra- 
phala. When the sighrakendra is 360°, the sigkrakarna: 
is the sum of trijyd and the j>a of the maximum iigAro- 
/>Atf&. (2) 

Take the difference of the longitudes of the two planets 
whose conjunction is under consideration. Divide it 
by the difference of their daily motions, if they are 
moving in the same direction, or by the sum, if they are 
moving in the opposite directions. The result is in 
days, etc. If the slower planet is ahead of the quicker 
(and if both the planets are moving in the same direc- 
tion), the conjunction will take place after the time 
given in the result; if the quicker is ahead of the slower, 
the conjunction has taken place before the time. (3) 

Find the difference between the longitudes of the two 
planets (whose longitudes are to be made equal). 
Multiply by it the daily motion of each planet. Divide 
each of the two products by the difference of the daily 
motions of the two planets, if they are in the same direc- 
tion, or by the sum, if they are in opposite directions. 
Subtract each result from the longitude of the corres- 
ponding planet, if the conjunction has taken place, and 
add, if it is to take place, the planet having a direct 
motion. If it is retrograde, subtract the result from its 
longitude if the conjunction is to take place, and add if 
it has taken place. The two planets will then have 
equal longitudes. (4) 

When two planets have equal longitudes, subtract 
from each the longitude of the planet's pdta. In the case 
of Mercury and Venus, however, the longitude of the 
pdta should be subtracted from the sighrocca of the planet. 
Find the jya of each of the remaining arcs. Multiply 
each by the mean viksepa of the corresponding planet, 
and divide by its sigkrakarna {KK. 1.8.2). The result is 
the sphutaviksepa of the planet. (5) 

When two planets are of equal longitudes, the distance 
between their centres is the difference between the 
viksepas, when in the same direction, or is the sum of the 
viksepas, i f in opposite directions . 

All other calculations are the same as those in a solar 
eclipse. The viksepa of the lower of the two planets, 
whose conjunction is being considered, should be 
corrected by the avanati, as in the case of the 
Moon. (6). (BG) 

19. 3. 3. <M fed! fcd JTr fi l d 1 <\U * fed I ^ Rd ^d k<H * SPT I 



q ^MW^rd^H l ftld l d <**Hlfe4>l *T*TTUWRr I 
^R-lPd+^MId qr^TST M^jTd^fd II 3 It 

MiT^d l M fg^mft tf^ft: II Y ii 

(Brahmagupta, KK, 2.6. 1-4) 

Emendation by Brahmagupta 

(While considering the conjunction of two planets) 
multiply the adhikadina (the longer day) by the unadino- 
dita-ghatikd (or the ghatikds passed since the rising of the 
planet with the shorter day), and divide by the unadina 
(the shorter day). If the result is greater than the 
adhikadinodita-ghatikd (or the ghatikds passed since the 
rising of the planet with the longer day), the conjunction 
of the planets has taken place. If less, the conjunction 
will take place. (1) 

Find the difference between the above result and the 
adhikadinoditaghatikd. Gall it Adya. 

Now assume some time before or after that, when the 
planets have equal longitudes, according as the conjunc- 
tion has taken place or will take place. Find the longi- 
tudes of the planets at that time, and hence the lengths 
of their days, and the number of ghatikds passed in each 
day. From these, in the above manner, find the differ- 
ence, and call it Anya. Now if both the Adya and the 
Anya show that the conjunction has taken place, or will 
take place, find their difference. Multiply the Adya by 
the assumed time and divide by the difference. The 
result, in terms of ghatikds etc., gives the correct time of 
the conjunction of the planets, either before or after the 
moment of their having equal longitudes, according as 
the Adya shows that the conjunction has taken place or 
will take place. 

But if the Adya shows that the conjunction has taken 
place, and the Anya shows that it will take place, or vice 
versa, then find their sum and proceed as before. (2-3) 

Multiply the number of ghatikds passed in the day of a 
planet by the number of ghatikds in the day of the other 
planet, and divide by the length of the day of the former. 
If this result is equal to the number of ghatikds passed in 
the day of the second planet, there is conjunction of the 
two planets. 1 (4). (BG) 

— *m*sr: n 

19. 3. 4. *fcdU£|rd< ?TTW MPd^M^^m I 



* For the rationale, see KK:BC, I. 155-56. 
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19. 3. 5 



'faiwtf^sft' ftW^ $*ilfed: II ^ 11 

infrf^^ faftp^ II 5. II 

3<rfcf?RWM>l I^^IH^d fOTT 1 11 ° U 

(Bhaskara I, LBh. 3 7. 4-10) 

— Bhaskara I 

Common longitude 

Divide the difference between the longitudes of the 
two given planets by the sum or difference of their daily 
motions according as they are moving in unlike or like 
directions: then are obtained the days, etc. (elapsed 
since or to elapse before the time of conjunction of the 
two planets). The longitude of those two neighbouring 
planets should then be made equal up to minutes of arc 
by subtracting from or adding to their longitudes their 
motions (corresponding to the above days, etc.) obtained 
by proportion with their true daily motions. (4-5) 

Latitudes of the two planets 

In the case of Mercury and Venus, subtract the 
longitude of the ascending node from that of the 
Ughrocca: (thus is obtained the longitude of the planet as 
diminished by the longitude of the ascending node). 
The longitudes (in terms of degrees) of the ascending 
nodes of the planets beginning with Mars are respectively 
4, 2, 8, 6, and 10, each multiplied by 10. 

The greatest latitudes, north or south, in minutes of 
arc, (of the planets beginning with Mars), are respec- 
tively, 9, 12, 6, 12, and 12, each multiplied by 10. (To 
obtain the R sine of the latitude of a planet), multiply 
(the greatest latitude of the planet) by the R sine of the 
longitude of the planet minus the longitude of the 
ascending node (of the planet) (and divide by the 
'divisor' defined below). 

The product of the mandakarna and the Hghrakarna 
divided by the radius is the distance between the Earth 
and the planet: this is defined as the 'divisor'. 

Thus are obtained the minutes of arc of the 
latitudes (of the two planets which are in conjunction 
in longitude). (6-9a) 



Distance between the two planets 

From those latitudes obtain the distance between 
those two given planets by taking their difference if they 
are of like directions or by taking their sum if the are of 
unlike directions. 

The true distance between the two planets, in minutes 
of arc, being divided by 4 is converted into angulas. 

Other things should be inferred from the colour and 
brightness of the rays of the (two) planets or else by the 
exercise of one's own intellect. (9b-10). (KSS) 

— — ric<?i ♦ 

19. 3. 5. ^r^uR-sr sftw^qa 

^ffejFT -*W<ti u ldlfedH, I 

5* TM*flui h\ Ph ^ prezr: u ^ ii 

osrrcT^ u <a$fdt|lRidl ^r- 
^^^f <T I 

fa ^FT ^fti^lH^I Fg£T II 3 II 

^T^ <r^lfa efT: V§ZT: II v ii 

'f^T'^TT: *K+<rli: f^Tfer: I 
qTcl^T: 'fcV^ ^TT: II X II 

^q^?H ' ^ *if*dl: ?5^T: II % H 
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.«ffPr^r<dW<fitPd+l *lfawi: I 
^ tftf it s n 

6 

f^^FT^ : R^W^4 ^ i *i i 

ffpsnreir^iuH^iuu 

srft sraftr fjst Tfa- 

n^ilwi *iRi«*$>ol Iwt: M V II 

(Lalla, SiDkVr., 11. 1-11) 

— Lalla 

Planetary conjunction 

Find the mflw<fo hypotenuse of a planet following the 
method for the Hghra hypotenuse. Then multiply it by 
the Hghra hypotenuse and divide the product by the 
radius. The wise astronomers say that the quotient is 
the distance between the centre of the earth and the 
planet. (1) 

Time of conjunctions 

If the diameter of the Moon measured in yojanas is 
divided by 5, 10, 15, 20, and 25, the results are, respec- 
tively, the diameters of Venus, Jupiter, Mercury, Saturn 
and Mars (upon the Moon's orbit, when they are at 
their mean distances from the Earth) . (2) 

When the diameter of a planet (expressed in yojanas) 
is multiplied by the square of the radius and divided by 
the product of the distance between the centre of the 
Earth and the planet, and the Moon's distance from the 
Earth, (both in yojanas), the result is converted into 
minutes of the true angular diameter of the planet. (3) 

Or, (when the diameter of a planet) in yojanas is 
divided by 10, the quotient is the mean angular diameter 
in minutes. This again, when multiplied by the radius 
and divided by the distance between the centre of the 
Earth and the planet, gives the true angular diameter 
in minutes. (4) 

The latitudes of Mars, (Mercury, Jupiter, Venus and 
Saturn when at their mean distances from the Earth), 
are, respectively, 9, 12, 6, 12 and 12 minutes, each 
multiplied by 10. 



4, 2, 8, 6 and 10, each multiplied by 10, are, 
respectively, the degrees (in the longitudes) of the nodes 
(of the above planets) . (5) 

The nodes of Mars, Jupiter and Saturn become more 
accurate when corrected by adding to their longitudes 
(given above), or subtracting from time, the respective 
sighraphalas of the planets, according as these are additive 
or subtractive. But the nodes of Mercury and Venus 
become more accurate when corrected by adding to the 
longitudes, or subtracting from them, their respective 
mandaphalas, according as they are additive or sub- 
subt ractive . 1 (6) . 

Time of conjunction and equality of longitudes 

If two planets are moving in the same direction, 
divide the difference of their longitudes in minutes by 
the difference of their true daily motions. The quotient 
gives the days elapsed since the conjunction, if the faster 
of the two planets is ahead. If the slower is ahead, the 1 
conjunction will take place after so many days. (7) 

If, again, one planet is direct and the other retrograde, 
divide the difference of theii true longitudes, expressecl 
in minutes, by the sum of their true daily motions. If 
the retrograde planet has the greater longitude, the 
conjunction will take place after the days in the 
quotient; if lesser, the conjunction has taken place. (8) 

Multiply the difference between the true longitudes 
of the two planets severally by the true daily motion of 
each planet and divide each product by the sum of 
difference of their true daily motions, as the case may be. 
Add the quotients to the respective longitudes of the 
planets if the conjunction is to take place, and subtract 
if the conjunction has taken place. If the planet is. 
retrograde, add the quotient if the conjunction has 
taken place and subtract if it is to take place. Then 
the two planets will have true equal longitudes expressed 
in minutes. 

Now, in the case of Mars, Jupiter and Saturn, subtract 
the correct longitudes of their respective nodes from 
their true longitudes when thus made equal. But in the 
case of Mercury and Venus, subtract the correct 
longitudes of their nodes from the longitudes of their 
respective sighroccas at the time when the planets them- 
selves have true equal longitudes. (9) 

Find the R sine of the remainder in each case. 
Multiply it by the greatest mean (geocentric) latitude 
of the- planet and divide by its distance from the centre 
of the Earth. The result is the true (geocentric) latitude 



*For mathematical notes see S\DhVf:BC y II. pp. 177-7$. 
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19. 3. 7 



of the planet. This again should be corrected by the 
latitudinal parallax of the planet as in the case of the 
Moon, following the method given (in the chapter on) 
Solar eclipse. (10) 

The differences of the latitudes (of the two planets of 
equal longitudes), when of the same denomination, or 
their sum when of different denominations, is said to be 
the distance between the centres of the two planets. 
When this distance is less than the sum of their radii, 
the conjunction is called Bkedayuti. 1 (11). (BG) 

19. 3. 6. '^EftqRT:' 'tf^W WT:' 'f^TT- 

o 

^T^qTrmr^^rr: ferfiMife+Mi 

o c 

^4 ^ fd+sWa^tf f*F# II I I 
^ftf%4W^ ferrate: I 

g# cf^T ^HcM*W|WJ*fl«i II K It 

(Bhaskara II, SiSi., 1.10. 1-5) 

Angular diameters of planetary orbits 

The mean diameters of Mars, Mercury, Jupiter, 
Venus and Saturn are respectively 4' 45", 6' 15", T 20", 
9', 5' 20". (1) 

These estimates being multiplied by the difference of 
the radius and sighrakarna and divided by thrice the 
fighra-antyaphalajyd are to be added or subtracted from 
the mean values above given according as the Hghrakarna 
is less or greater than the radius to give the rectified 



values. Three minutes of arc to be constructed as one 
angula in this respect. 1 (2) 

Time of conjunction 

To obtain the time of the conjunction of ;wo planets, 
compute the difference of the longitudes of the two pla- 
nets, and divide by the difference of their daily motions. 
If one of the planets be retrograde, divide by the sum of 
the daily motions . The result gives the number of days 
approximately after the moment of conjunction if the 
slower planet has a longitude falling short of that of 
the quicker. (3) 

If one of the planets be retrograde, and if its longitude 
be the lesser, then also the conjunction was past by the 
number of days computed. In the other cases the 
conjunction is to take place after the number of days 
computed. If, however, both the planets be retrograde, 
then if the slower of them has a longitude less than that 
of the quicker, then the conjunction is ahead, otherwise 
past by the number of days. (4a) 

Having computed the approximate time of 
conjunction, obtain the true motions of the planets 
pertaining to that day, rectifiy them for dyana-drkkarma 
and following the process indicated in verse (3) above, 
again compute the moment of conjunction. (This will 
be a good approximation). This conjunction will be 
the one on the polar latitudinal circle. If dyana-drkkarma 
be not done, then the conjunction will be on the circle 
of celestial latitude. (4b-5). (AS) 

19. 3. 7. '<T^^^-^-f¥TOr:' 

# 9f?*|cTT: **H3pft ^^MlPd II 1 II 

^fd Mifl: SncTTSW g TTRJT tl ^ II 

<»l(cH^fd£dl qfcrot 

^Pd^ldl 5PTcTRf3T^T: *m II 3 II 

^^r^fi^^^iufi^<^ i M i 



1 For the rationale, see SiDkVf.'BC, II, pp. 179-83. 



1 For comments, see $i$i;AS 9 pp. 501-02. 
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(Ganesa, GL, 13. 1-4) 

Mean diameters of Mars and other planets 

Mars 5, Mercury 6, Jupiter 7, Venus 9, Saturn 5 
(minutes) : Multiply this, in order, by the difference 
between 11 and the sighrakarna of the planet. Divide 
this result respectively by 21, 12, 6, 24, and 3. (Let the 
result be x.) 

If the hypotenuse (karna) is more than 11, subtract x 
from the first table ; add x if it is otherwise. (Let the 
result by y). Then_y divided by 3 gives the diameter of 
the planet in angulas. (1) 

Conjunctions gone and yet to occur 

If the planet with quicker daily motion has a greater 
longitude, then the conjunction has taken place already. 
If the retrograde planet is lesser in longitude than the 
other in direct motion, then also conjunction is over. 
When both the planets are retrograde, if the planet with 
quicker motion has lesser longitude, then conjunction 
has already taken place. In the reverse case, conjunc- 
tion is yet to occur. (2) 



Number of days before or after conjunction 

When both the planets are in direct or retrograde 
motion, find the difference of their longitude and divide 
by the difference of their daily motions. The quotient 
gives the number of days. Both values should be in 
kolas. 

If one is retrograde, divide by the sum of their daily 
motions. The number of days before or after the 
conjunction is to be decided as before. (3) 

North-south latitudinal difference 

Rectify the moment of the conjunction after knowing 
the number of days (from verse 3). The planets will 
have the same value is rdsis, degrees etc. The latitude 
of the moon is to be corrected for its parallax. 

The direction of the planet and its latitude will be 
the same. If the two latitudes are in the same direction, 
then the planet with lesser value is in the direction 
opposite to that of the other. 

If the directions of the latitudes are the same, take 
their difference; if the direction are different, add. 
That gives the difference in angulas between their discs, 
(x) . If * is less than the sum of radii of the two discs, 
the two planets intersect. Since the lambana is very 
small, what is the use of these factors here? 1 (4). (VSN) 



1 For explanation and rationale, see GL:RCP t II. pp. 114-20. 



20. - CONJUNCTION OF STARS 

AND PLANETS 



20. 1. L tf l WHKW : 3*: ^T^ft ^ I 

^rf^5#wPr m^r t T3^r fort wr: i 

^ Tmfo- ^ srafcsWHHJf: II u II 

fkm ffa: ^IWt STTR f^Tf^fHW- It 

vj<^l*frH fot ^ f^^T^TT ^mcm I 
fa£qT9TT: ^TP? f*r: M^d^MlfeT: II 5. II 

(BhaskaraI,Lm,8. 5-9) 

Conjunction of stars and planets 

All planets, whose longitudes are equal to the longitude 
of the junction-star of a naksatra can be seen in conjunc- 
tion with that star. (Of a planet and a star) whose 
longitudes are unequal, the time of conjunction has 
to be determined by proportion. (5) 

Latitudes of the junction-stars 

North, ten, twelve, five; south, five, ten, eleven; north, 
six, zero; south seven, zero; north, twelve, thirteen; 
south, seven, two; north, thrity-seven ; south, one 
and a half, three, four, eight and a half, seven, 
seven; north, thirty, thirty-six; south, eighteen minutes 
of arc; north, twenty-four, twenty-six, and zero— these 
have been stated by the learned to be the degrees (unless 
otherwise stated) of the latitudes of the junction stars of 
the naksatras beginning with Asvini in their serial 
order. (6-9). (KSS) 



20. 2, 1. *W«M^ : ^r^^Kfe: Ml^r*WSW *fT*r: I 
5 W^^*<=K q*W^SfTO l TT: II \9 II 1 

(Brahmagupta, KK, 1.-9. 7.) 



measured on dhruvaprota. 



Principle of star-planet conjunction 

If the longitude of a planet corrected by the ayana- 
drkkarmakald is less than the dhruvaka of the yogatara, 
the conjuction is yet to take place; if greater, the con- 
junction has taken place. This rule is applicable when 
the planet has direct motion. If the planet is retrograde, 
the rule is reversed. The rest of the calculation (as 
regards the time of conjunction, etc.) is the same as in 
the case of the conjunction of the two planets. (7) 

20. 3. l. ttK+jfd q^r^Rt ^rotoris^ I 
■firatffsrtferarcft^ ***** ^T^nTnT i 

^ T^FT f^T% W^Z 3 ^rf^: II <W II 

^gfsprfa 5fi *? u i h fafsr^: ii 1^ ii 

(Brahmagupta, KK, L 9. 14-16) 

Occultation of stars by planets 

When a planet is on the same side of the ecliptic as 
the yogatara of any naksatra, the planet will occult the 
yogatara, if its sphutaviksepa is either greater than the 
difference of its semi-diameter and the viksepa of the 
yogatara or less than the sum of the two. 1 (14) 

When the longitude of a planet, corrected by the 
ayanadrkkarmakala, is 1 sign 17° and its viksepa is greater 
than 2° S, it occults the Cart of Rohiru. (15) 

When the Moon has the maximum north viksepa it 
occults the third star of Magha. When it has no viksepa 
it occults Pusya, Revati and Satabhisaj . (16). (BC) 

20. 4. l. ^ ^nt zr^r jji«fij>iti+dwi^ i 

gang flr^ i W4»i % w. ii ^ ii 

(SfcSi., 8. 13-14) 

Occultation of Rohini by planets 

In Taurus, the seventeenth degree, a planet of which 
the latitude is a little more than two degrees, south, will 



1 For a demonstration see, KK:BC, I. p. 135-36. 
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split the wain of Rohini (i.e., the V-shaped constellation 
ofHyades. (13) 

Calculate, as in the case of the planets, the day and 
night of the asterisms, and perform the operation for 
apparant longitude (drkkarman), as before: the rest is 
by the rules for the conjunction {melaka) of planets, 
using the daily motion of the planet as divisor: the 
same is the case as regards the time. (14). (Burgess) 1 

20. 4. 2. nfa'jPIf OTfeCT %S 

^fcPm: '^irf^MifsreT : i 

%cfFflF 5T f| wteftr ^TT# II ^ II 

(Ganesa, GL S 11. 7-8) 

If any planet with 1 7 degrees in Vrsabha has its 
southern latitude exceeding 50 angulas, it cuts the sakata 
of the star Rohini (i.e. the V-shaped constellation of 
Hyades) . If Mars, Saturn and Moon do so, then it brings 
greater calamity to the people. (7) 

If Rahu stays in any of the eight stars counting from 
Punarvasu the Moon always cuts Rohini. 

This bheda with respect to Mars and Saturn will 
happen in the next aeon (yuga) . Their patas are such 
that it will not happen in this yuga. 2 (8) 

20.3. 1. ^^ ^Tf^RrW^lciiHIKWHHIH: I 

dMcMI sf^mfifl^rT dMl(H«§: II V || 

3ifld<5yHi>Jii ftn<rr ftw^r v^trvX i 
^trt qT^rt fef^r T«rr fififti wlfErfir: i 

wnift^rr snft mrt ^rf^n^Rft: 1 
JTFWt ^fJTWR^ft ^"crTwrf^' : II II 

T^of ^ TTcT^ft frwfe Pl^U^<: I 
ZTfccL^d^lfSTW WZ: WV{ flffe**Fft: II II 
(Bhaskara I, LBh., 8. 10-16) 



1 For notes, see Su.Si : Burgess, pp. 248-49. 

* For the rationale see GL: RCP. II. p. 103-4. 



Occultation of stars by the Moon 

The Moon is in (absolute) conjunction with a 
junction-star when its longitude and celestial latitude, 
both in magnitude and direction, are the same ""as the 
longitude and celestial latitude of the star both in magni- 
tude and direction . (10) 

Latitudes of the Moon occulting certain stars 

When the Moon atains 160 minutes (of arc) of north 
latitude, it clearly covers the junction-star of the nakstara 
Krttika (i.e., the Pleiades). (11) 

Having attained her maximum northern latitude, the 
Moon covers with its disc the central star of the naksatra 
Magha. (12) 

With its latitude 60' (south), the Moon clearly 
occults the cart of Rohini (i.e., the V-shaped constella- 
tion of Hyades) ; and with latitude 256' south it covers 
the jun ction-star (of Rohini) (i.e., Aldebaran ) . (13) 

With its latitude 95 (minutes of arc) south, (the Moon 
covers the junction-star of) the naksatra Citra (i.e., Spica) ; 
with 150 (minutes of arc) south, (the junction-star of) 
the naksatra Anuradha; and with 200 (minutes of arc) 
(south), (the junctuion-star of) the naksatra Jyestha 
(i.e., Antares). (14) 

With latitude 87 (minutes of arc south), the Moon 
clearly occults (the brighter of) the two northern stars 
of the naksatra Vigakha; with 24 (minutes of arc) south, 
(the junction-star of) the naksatra Satabhisak (i.e., 
Aquarii). (15) 

The Moon, situated at its ascending Node, occults 
(the junction-star of ) Pu§ya and RevatI (i.e., Piscium), 

The above occultations {bheda) of the stars by the 
planet (Moon) are based on the minutes of latitude 
determined from actual observation by means of the 
instrument (called) Yasti. (16). (KSS) 

20. 5. 2. STMIMcM^ R*Jdt^ f|wrW: STWfedV 

fk$M Rnfad^ w <rVr cm ii 

"(Lalla, SiDhVr., 11. 11) 

The Moon, when in the middle of the asterism of 
Rohini, pierces the Cart (of Rohini), if its southern 
latitude is 2° 40', and occults the principal star, Rohini, 
when its southern latitude is 4° 30'. 

Again, the Moon occults the middle star of the 
asterism Magha, when it has a north latitude of 4° 30'. 
When it has no latitude, it occults RevatI, Pusya and 
Satabhisa. (11). (BC) 
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20. 6. 1. WMHH ^ H«|fe*tf I 

^dH #wmrt ^OTWfa"3*r II £ II 

^ldMldlk1^^<4rd^ sfe^T% II V II 

(Bhaskara II, SiSi.. 1.11. 9-11.) 

Time of star-planet conjunction 

The dyana-drkkarma is to be done (with respect to the 



planet) and the sphutasara is to be computed to know the 
time of (polar latitudinal) conjunction. (9) 

Tfje difference in the longitudes of the planet and the 
star, divided by the daily motion of the planet, gives the 
number of days approximately after or before the 
moment of conjun ction . 1 ( 1 0) 

If the planet be retrograde, the conjunction past 
or future will be in the reverse, i.e. future or 
past. (11). (AS) 



1 For the rationale, see Si$i;AS, pp. 512-13. 



21. anfiHKl * - novel innovations 



21. i + 1* '$^i4fa<Hfcr q^T I 

^ T^rm%^r H^rg^fr: it <j n 

H^iN^+M'Wl' W4+Md: It ^ II 

(Acyuta, Rasigola., 1-2) 

True longitude computation on the sphere of 
zodiac 

Essence of an eclipse 

In an eclipse, 1 the maximum nearness of the Sun and 
the Moon occurs when the straight line joining the 
centres of the two (dvi-sprk~sutra) is perpendicular to the 
Moon's orbit. (1) 

At the moment of conjunction or opposition (of the 
Sun and the Moon) (madhyakdla 2 or sphuta-parvdnta) , the 
line joining the centres is not so, (i.e., not perpendicular 
to the Moon's orbit). Consequently, the moment of 
maximum eclipse is different from the moment of 
conjunction or opposition. (2). (KVS) 

21. 1. 2. 3^HHlfd<*hfldi ^it Miuflld ^TT: I 

3|*^HKi<*hfH^W MldHUKd: II * II 
TraT^TiT%9T FTRT tffiT^ : TOtRfh II ^ II 
JTtwt WT^; ^TF TOH^^Md : II ^ II 



1 The expression * in an eclipse ' (grahane) presupposes that the 
centre of the Sun and the Moon in their respective orbits are very 
near the Node, so that the small arcs from the Node to the centies 
may be taken as straight lines. Thus, the Node, the Sun and the 
Moon may be taken as the vertices of a triangle. Then the least 
distance of a point to a straight line is the perpendicular from that 
point to the straight line. 

3 In Indian astronomy by madhyakdla is meant the sphutaparvdnta 
and not, as it would seem from the term, the moment of the middle 
of the eclipse. Gf., Suryasiddhdnta, 4. 16 .* Sphutatithyavasdne tu madhya- 
grahanam ddiset. 



3TNlfrH>M: H^taiK fa*T: TOgiJbUW: II ^ II 

. TO dKd^ f| ^> *T^T | 
fafe^T qfaft ■qfrtsf ^^U4 | w i fcfa : II & II 

rHTTft" ^PwRl4^lld *4)&d> ^r^TfM^: I 

(Acyuta, RaHgola., 3-9) 

Two views on conjunction 

Some scholars are of opinion that the true longitudes 
(sphuta) (of the Sun and the Moon) are equal when the 
Moon reaches the perpendicular drawn from the Sun's 
viz., the ecliptic) (to cut the Moon's orbit). (3) 

Others, however, say that moment of conjucntion 
(parvanta) 1 occurs only when the Moon in its orbit 
(viksepa-mandala) is as distant in degrees (bhdga) from the 
Node) (pata) as the Sun is in its orbit. (4-5a) 

The point of equality in distance (vartma-samya) on 
the Moon's orbit will fall either to the East or West of 
the perpendicular drawn to the Sun's path according 
as to whether the (proximate) Node is to its East or its 
West. The point of closest proximity lies further from 
the point of equality to the side where the node lies. 
(5b-6) 

If Moon-zmwiw-Node (vyahindu) is in odd quadrant, 
the Node will be behind the two, and if it be in an even 
quadrant the Node will be in front of them. And 
therefore the moment of maximum eclipse will, respec- 
tively, be before or after the moment of conjunction. 
(7-8a) 

Thus according to both views, the moment of 
maximum eclipse differs from the moment of conjunction. 
A dispute can therefore occur only in the estimation of 
this difference. (8b-9a) 

Although this distinction (between the moments of 
maximum eclipse and the so-called madhyakdla or 
parvanta) has not been expressly distinguished by Arya- 
bhata and others, it is recognized by Acyuta and others, 
since it is obvious by inference. (9b-10a). (KVS) 



1 Parvanta really applies to both the moments of conjunction 
and opposition but, for the sake of facility of expression, it is trans- 
lated by * conjunction ' alone (which is the case in solar eclipses), 
here as also below. 
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(Acyuta, Ras'igola., 10b-24a) 

Determination of Conjunction: First view 

At the moment of conjunction, the angular distance 
of the Moon from the Sun is equal to its latitude correct- 
ed for parallax (sphuta-viksepa) . In order to know 
where the point of maximum nearness to the Sun will 
occur, to the East or West of (the moment of conjunc- 
tion), it is necessary to scan the path of the Moon at 
the moment. (10b-ll) 

If you desire to know the path of the Moon at that 
moment, listen. 




(Let) the (bhuja) be one-sixtieth of the difference 
between the daily motions (of the Sun and the Moon) 
(dyu-gatyantara) as corrected for parallax (bhuprstha- 
sphuta), (MR); and let one-sixtieth part of the variation 
in latitude (ksepa-khanda) per day as corrected for 
parallax (spasta) be what is called the 'altitude' (sara, 
the other side of the right-angled triangle), (QR). 
Then the root of the sum of their squares (MQ) will 
give the Moon's path for that period {viz. one nadika). 
(12-13) 

The base (of the right-angled triangle so formed) is 
parallel to the Sun's path, the altitude perpendicular 
to it and the hypotenuse along the orbit of the Moon. 
Thus is established the antecedent triangle (pramdna- 
ksetra) (MRQ,) (where the values of all the sides are 
known). (14) 

The latitude at the moment of conjunction 
(madhyaksepa) (SM) is the hypotenuse, the line joining 
(the centres of) the orbs (of the Sun and the Moon) at 
the moment of maximum eclipse (SP), the base, and 
the line along the Moon's orbit joining the ends of the 
above two lines (PM), altitude: thus is the consequent 
triangle (icchd-ksetra) (SPM) established. (15-1 6a) 

Here, (in this consequent triangle), since the 
hypotenuse, (which is the latitude at the moment of 
conjunction), is known, the base and altitude can be 
derived by proportion (with the antecedent triangle). 
This is how it is : (16b) 

If such are the base and altitude of the antecedent 
triangle, what would be the base and altitude of the 
consequent triangle ? (By means of this argument will 
be derived the base and altitude of the consequent 
triangle : 

SM . MR SM . QR 



SP 



MP 



(17) 



MQ, ' MQ, 

Of these two, the altitude, since it lies along the 
Moon's orbit, should be understood to have its value 
in terms of the relative motions (gaty-antara-atmaka) (per 
nadika projected upon the Moon's orbit). (18) 

And if the hypotenuse of the antecedent triangle 
(MQ,), which represents the relative motions (of the 
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Sun and the Moon) for one-sixtieth of a day, is 
one nadka, what time will the altitude of the conse- 
quent triangle represent? This proportion will give 
the time between the moments of maximum eclipse and 
conjunction, i.e.: 

MP SM.QR 

MQ, MQ, . MQ v 
Since, (in the above calculation), division with the 
hypotenuse (MQ, of the antecedent triangle) is to be 
done twice, the resultant nadikds (are) obtained by 
multiplying the latitude at conjunction by the altitude, 
and dividing the product by the square of the hypotenuse 

SM . QR 

(of the antecedent triangle, i.e., — (20b-21a) 

(These nadikds) are to be added to, or subtracted from, 
the moment of conjunction, according as to whether the 
directions (North or South) of the two, {viz., the latitude 
and altitude), are different or the same, respectively. 1 
This is the moment of maximum eclipse. (21b-22a) 

Multiply the latitude at conjunction (SM) by the 
base (MR) and divide by the (antecedent) hypotenuse 
(MQ); the result will be the distance between (the 
centres of) the orbs) (of the Sun and the Moon) at the 

SM . MR 

moment of maximum eclipse, i.e., SP =- • (22b) 

This, subtracted from half the sum of the angular 
diameters (bimbd) (of the Sun and the Moon), will give 
the maximum eclipse. (23a) 

All that is said here accords, in fact, only with the 
school that says that the moment of conjunction is when 
the Moon attains the same (number of ) minutes (kalds) 
as the Sun, (both measured along the ecliptic). (23b- 
24a). (KVS) 

21. l. 4. cic4m*-4 f| q^rfcr sfa to fasftfftr: u n 

^5 Tr^TRTFT 3T|^f 3^T# II RX II 



1 This follows from the following consideration: When the Moon 
at conjunction is in advance of the Node, this correction has to be 
deducted because the maximum-eclipse-position is behind the 
Moon: under this conditon the vikfepa and the iara are both North 
or both South, ».*,. there is sameness of direction, (dik-samya). 
Hence the rule: ' Dik-sdmye r?a \ * Deduction when the directions 
are the same \ When the Moon at conjunction is behind the 
Node, the maximum-eclipse-point is in advance of the Moon and 
hence the correction has to be added. Under this condition, the 
viksepa and iara are of different directions, one North and the 
other South. Hence the rule 'Dig-bhededhanam', Addition when 
the directi6ns are different. 
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rn* ^wnHWK^idlMPd^Pd I 



Pb^ld "*dd^^: f^Tpftcf ft^d^^ IIHM 

II ^° II 




3 » l Ed4TlHtiKfr <:4Ud°4 Tfer| II VR II 

f^cr^r ^T^Hki <Pm froq^TT i 

s ^ ^r: q^ft ^rr^r: ?rt ii vh n 

^iPd^Tl^l^m 3Wt HHHf^rfW^T: II II 

(Acyuta, Rdsigola., 24-46) 



i Mahabhaskariya, 5. 27-28. 
*Acyuta*s Upardgakriydkarama, 3. 28fT. 
3.41. 
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Refutation of the second view 

But, according to the school which says that the 
moment of conjunction is equality of distance (from the 
node), (the calculations as described above are impossible 
for the several reasons set out below) : (24b) 

(i) (Firstly) j how can this, {viz., the relative motion 
per nadika, MR), be taken as the base in view of the fact 
that the motion of the Moon is (measured) along its 
own orbit ? (25a) 

(ii) It may be argued that the relative motion per 
nadika (gaty-antara-amfa) is not taken as the base, but 
only as the hypotenuse. (But it has to be noted that) 
this might be so in the case of the lunar eclipse ; but, 
in the case of the solar eclipse it cannot be taken as the 
hypotenuse, since the path of the Moon is changing 
every moment owing to parallax in latitude (nati). 
(25b-27a) 

(iii) If, according to this school and with reference 
to the solar eclipse, it is argued : Let the relative motion 
(along the Moon's path) (anu-gaty-antara-amsa) be 
taken as the base, and the variation in latitude corrected 
for parallax (nati-khanda) as the altitude, then the root 
of the sum of their squares will give the path of the 
Moon. (27b-28) 

(The answer is:) No, because in this case they do not 
form the base and altitude (of a right-angled triangle) ; 
for, the latitudinal variation is perpendicular to the 
Sun's path and the longitudinal variation is (measured), 
according to this school, along the Moon's path and 
hence there cannot be any base-altitude relationship 
between them. (29-30) 

(iv) Further, (if it is said that) the base taken above 
is the relative variation in longitude (gati-bheda-cahsa) 
minus the variation in parallax in longitude (lambana- 
khanda) per nadika (ghatikd-kdlaja) ; (31) 

(this is improper) ; for, here, the variation in parallax 
in longitude is measured along the Sun's path ; but the 
relative variation in longitude is (measured) along the 
Moon's path ; (so these twoare different) ; hence the sub- 
traction of one from the other is, in fact, not possible. 
(32-33a) 

(v) If however, in order to remove this objection, the 
parallaxes in latitude (nati) and longitude (lambana) 
and their variations (khandas) be calculated accord- 
ing to the method prescribed by iBhaskara, then, 
the rectification (samskdra, addition or subtrac- 
tion) of the variation in longitude by the variation 
in parallax in longitude is permissible ; but addition or 
subtraction between variations in latitude (viksepa- 
khanda) and variation in parallax in latitude (nati- 
on.* 



khanda) will not be possible, for, according to Bhaskara, 
the parallax in latitude is (measured) perpendicularly 
to the Moon's orbit, and the latitude is (measured), 
according to all, perpendicularly to the ecliptic. (33b-36) 

Thus, (according this school), every approach leads 
us to a dilemma. (37b) 

(vi) Again, according to this school, even the 
subtraction of the velocity of one from the other is not 
possible because the two are (measured), along different 
paths. (37b-38a) 

(vii) Then again, according to this school, the 
subtraction between the Moon and the rising point of 
the ecliptic (lagna), as required in the (verse) beginning 
with, "of the bhujd and koti of FinaI-Moon-ms*mw-/fljW ', 
is also impossible, because the two move in different 
circles. (38b-39a) 

(vii) Now there is the rule: "Calculate the half- 
duration of the eclipse (sthiter-dala) from the Moon's 
latitude as corrected for parallax, (krta-natyd ksiptyd) ; 
calculate also the parallax in longitude (lamba) for the 
times (tat-kdla) obtained, (viz. the beginning and end of 
the eclipse); and thus determine them at conjunction." 
(39b-40) 

The calculation of the half-duration of the eclipse 
according to this rule is also not possible, since, really, 
there is no similarity between the fields on which the 
half-duration and the relative variation in motion are 
represented, (viz., the ecliptic and the Moon's orbit) 
which form, respectively, the consequent (icchd) and the 
antecedent (pramdna). (41) 

Therefore in the solar eclipse, the two, the rectified 
velocity of the Moon (antya- or samskrta-bhukti) and lati- 
tude corrected for parallax, have to be measured only 
in relation to the ecliptic, (the former along it and the 
latter perpendicular to it) . (42) 

Again, it would be proper to take the differences 
between the velocities of the Sun and the Moon and that 
between their rectified latitudes and so also in the matter 
of the determination of the sines etc. (43) 

In the Kriydkrama, the rectified velocity too is measured 
along the (planet's) orbit, and hence the derivation of 
the sines etc. is not quite accurate. (44) 

In the solar eclipse, that moment alone is to be taken 
as the moment of conjunction when the rectified latitudes 
of the Sun and the Moon on the celestial sphere (of which 
the ecliptic is a great circle) are identical. (45) 

Otherwise, corrections for parallax would not be 
correct at the moment of conjunction, for the seeonds of 
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parallax (lambana-liptdb) are in terms of the seconds of 
the circle of the ecliptic. (46). (KVS) 
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(Acyuta, Rdsigola., 47-54) 

Correction for Reduction to the Ecliptic 

Now, according to the view of those who consider 
that the true motions of the Moon and the other (planets) 
are given (by the sastrakaras) along the ecliptic and hence 
their true longitudes are not vitiated by their orbital 
motion (ksepatah means ksepa-vrtta-gamanatah) , the 
moment of equality in degrees will itself give the 
moment of conjunction (parvdnta). (47-48a) 

On the other hand, according to the view that since 
the Moon and other (planets) always move on (their 
own) orbits ksepa-vrtta) and hence their true longitudes 
(sphuta) are (measured) on their orbits, the moment of 
conjunction is not equality in degrees (measured on the 
ecliptic). (49b-50) 

It is because, according to this view, a further 
Correction has to be applied to the true longitude (as 
measured on its orbit) to obtain the true longitude as 
measured on the ecliptic (rdtigola-sphuta-dptaye) , that a 
method to this effect has been enunciated by Acyuta 
in the Sphutanirnaya: 

"Multiply the tabular cosine (kotijyd) and sine 
(bhujajya) of Moon-minus-Node and the product by the 



1 Acyuta's Uparagakriydkrama . 



tabular versine (sara) of the maximum latitude (antya- 
ksepa) of the Moon. Divide this by the tabular cosine 
of the latitude at the particular moment and the quotient 
is to be divided again by the tabular radius (vydsa-dala) . 
The result (will give the correction for longitude which) 
is to be added to, or subtracted from, the Moon's 
longitude, as Moon-minus-Node is in an even or an odd 
quadrant, respectively. The True-Moon measured on 
the ecliptic is thus got." 1 

The proof for this may be understood by wise men 
learned in the (nuances of astronomical) science 
(kalasu). (50-52) 

This very correction has been enunciated in a 
simplified form by the same (author) in (his Upardga-) 
Kriydkrama (ch. 1, verse 41) in the words "Apply one 
twenty-fourth part of the latitude 59 etc. 2 (53) 

Thus has been enunciated the "True-longitude 
Computation on the Sphere of Zodiac' 1 by Acyuta. 
True longitudes (of planets) on the ecliptic should be 
calculated by experts in this manner. (54). (KVS) 

21. 2. 1. srsftssr: W^d^ld^d ri ^1 ^ Id 
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MU|Uf *nWf JTTSRfapRR: I 
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(Madhava, Sphuta., 2-4) 

Computation of True Moon 

Aim of the work 

(Herein below) is expounded the Computation of True 
Moon by means of placing, daily, one below the other, 
nine numerical expressions (vdkya-s) as calculated from 
(the time of) the (previous) conjunctions of the Moon 
and its Higher Apsis. (2) 

(Ifever there be) one who is not delighted on hearing 
about this method, let him not accept it. To be sure, 
he will not have the ability (to practise it). (3) 

Oh ! ye good souls! I, Madhava, bow before you and 
beseech you. For, what does not one obtain from you 
who are bent upon elevating those who bend before 
you. (4). (KVS) 

i For elucidation and rationale, see Ratigolasphutaniti: K. V. 
Sarma, Intro., pp. 12-14. 

9 For elucidation and rationale, see, op. at.-, Intro., pp. 14-15. 
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Basis for zero-corrections 

From the elapsed Kali days (for any desired date) 
deduct (a khanda, a lump number of days, equal to) 
15,02,008 (dinanamranusasya). Multiply the remainder 
(khandaiesa) by 6845 (sivaduta) and divide by 1,68,611 
(paryaptahrdaya). 1 The quotient (got is called dhruva- 
sadkana and) is to be used for deriving the several zero- 
corrections (dhruvas) to be used for calculations which 
will be enunciated below. The first dhruva (is to be 
calculated) using this quotient itself (agrimaphala) , while 
the further eight (dhruvas) are to be derived from this 
dhruva reduced increasingly by 1. (5-6) 

Moon-sentence numbers 

Divide the remainder (in the division in 5) by 6845 
(Hvaduta). The quotient obtained will be the first 
Moon-sentence-number (vdkyasahkhyd) . 2 The further 
(eight sentence-numbers can be obtained) in the same 
manner from the division by 6842 (sivaduta) of the 
successive remainders to which 1,88,611 {paryaptahrdaya) 
has been added. (7) 



i Rationale: dinanamranusasya (15,02,008) is a khanda (Lump of 
davs} at the end of which the Moon and its Higher Apsis are in 
conjunction at mean sunrise at Ujjain This Lump, can, there- 
fore be discarded and calculations need be based only on the re- 
maining days (khandaiesa). Now, 6845 {sivaduta) anomalistic 
c^ks of the Moon are contained in 1,88,611 (paryaptahrdaya) days. 
Hence the anomalistic cycles completed during the khandasesa is 
given by the expression: 

khanddesa X 6845 
188611 

* Rationale: The remainder (of the division in 5) is in fact the 
number of days in the current anomalistic cycle multiplied by 6845 
S ) ; hence the division of this remainder by 6845 to get days. 
It may be noted here that since 188611 6845=27 days 33 na ,16 
vind., the further vakyasafikhjaswll successively increase by 27 or 28. 



Zero-moments 

Subtract (each of the nine) remainders (obtained 
above) from 6845 (tivaduta). Multiply the (nine) 
balances by 12 (priya) and divide by 1369 (dhrtdlaya). 
The (nine) results obtained will be in nddikas and are (to 
be called) Zero-moments (Dhruvakdla-s) - 1 (8) 

Zero-corrections 

At the end of 5105 (mdnakdma) (cycles) of the first 
(dhruvdsadhana, viz-, the agrimaphala of vv. 5-6), the zero- 
correction, beginning with minutes, is 5 r -24 -27' 
(sattvavdn rdmal}). For each increase of 69 (dhrti) 
(cycles, thereafter), the increase in zero-correction is 
7M°-44' (visvaikandtha)? (9) 

(To get the dhruva for) the remaining cycles, multiply 
the same by 3 (go), getting thereby degrees, by 4 (vi), 
getting thereby minutes, and by 7 (su), getting thereby 
seconds; in the case of seconds, however, reduce them 
by 1/23 (of the number of the said cycles). 3 (10). (KVS) 

21. 2. 3. *rnrf^rr a^nNKr sr^rHi^M^ i 
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1 Rationale: 

Remai nder (in verse 5) 

6845 



60 

days = Remainder X ~^^ na - 
12 



= Remainder X ——nddikas 
looy 

» Rationale: 5105 (mdnakdma) anomalistic cycles are chosen in 
such a manner that their dhruva added to the dhruva of the khayda 
15 02 008, ( dinanamranusasya) , ends in full minutes and not be carried 
forward to seconds. 69 (dhfti) is the least number of anomalistic 
cycles for which too, the dhruva will end in full minutes. 

It has to be remembered, in this connection, that the dhruva 
5r-24°-27' (sattvavdn rdmah), includes in it the dhruva of the elapsed 
khanda also. Therefore 5105 (mdnakdma) cycles should be reduced 
from the agrimaphala only once, even if it is possible to reduce it by 
5105 more than once. For further reductions, 69 (dh T h) and its 
dhruva alone should be made use of. 

» RationaieiFor dhrti (69) kendra cycles, the Moon's Dhruva=dh r ti+ 
vUvaikandtha. Hence, , n AA , 

dhrti -f visvaika ndtha 69 8 7r 1° 44 
Dhruvaiov 1 cycle= — — = 6Q 

= Is Or 3° 4' 6 22/23* 
= Is Or 3° 4'— (7— 1/23)*- 
From this the completed 1 circle can be dropped. 
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ft^r sra? vvnfk ^ nts^ 11 <\\$' 11 

«iW Sj^ft TRT:, ST ^^ftf^t 1 1^0 1 1 
(Madhava, .S^wta., 11-20) 

The Chart 

When all the dhruvas have been calculated (as 
instructed in w. 9-10) and so also the dhruva-kdlas (as 
instructed in v. 8), arrange them in (the ascending) 
order, so that the smallest (dhruvakdla) comes as the first 
and the largest as the last. (11) 

Alongside each (of the dkruvahdlas) , chart the corres- 
ponding dhruvas with their respective vdkyasahkhyas. 
Chart also the phalas which enabled the calculation (of 
the above), for use (later) in the computation of the 
Mean Sun. (12) 

Here (in the chart of verses 11-12 above) , there will 
be apparent a natural order, irrespective of (the two) 
sides of the day, viz., day and night, as in climbing a 
bamboo tree (wherein the branches will be found 
equally distributed on its two sides) . Thus, the dhruvas 
will be, in order, successively greater than the one 
before, the vdkyasankhyas being so in the descending 
order. If otherwise, the order will be reversed (in both) . 
(13-14) 

This method of work has been spelt out for (the 
benefit) of one who has forgotten the tradition. Other- 
wise, one would have an easy understanding thereof 
from tradition itself. (15) 

When the vdkyasahkhyd for a (particular) dhruvakdla 
is considered, the vakyasahkyd next to it will be less than 
it by 55 (sasa) or greater than it by 193 (gulika). The 
{dhruvas) for these two (viz., 55 and 193 days) will be 
given by 3176 (tirthakdhga) divided by 1035 (mrganika) 
multiplied, respectively, by 2 (pro) and 7 (su). The 
results, which will be in degrees, are to be added to or 
subtracted from the previous dhruvas. 1 (16-17) 



1 Rationale: Now, 



tlrthakahga 3176 



= 3° 4' 6 



22' 



mrganika 1035 23 

which is the dhruva for one anomalistic cycle (vide v. 10). Since 
one cycle is equal to 27 £ days, roughly, {vide verse 7), Dhruva for 



When a dhruvakdla has been calculated from a number 
(viz., 6845 minus the remainder, (vide verse 8), the 
subsequent (dhruvakdla-s) would have been derived 
from numbers increased by 747 (sarvdrtha) or 808 
(dinaddna). 2 (18) 

In the case of a succeeding (dhruvakdla), all (the 
above said) corrections should be applied, inversely. In 
the case of those removed by one, two or three (inter- 
vening dhruvakdla-s) , the sum of the (relevant) corrections 
(should be similarly applied). (19) 

Again, at 60 nddikds (after or before) a dhruvakdla, 
the corresponding vdkyasahkhyd will increase or decrease 
by 1. But the dhruva will not change. Indeed, this is 
a universal rule. (20). (KVS) 
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3176 tirthakdhgo 

2 cycles or 55 days— 2 X 7—— — bra X — ■ 

7 7 1035 mrganika 

3176 tirthakanga 

Dhruva for 7 cycles or 193 days =7 X 7— — su X — 

1035 mrganika 

1 This is demonstrated in the example worked out in the Intro- 
duction of the edition of this work (Sphuta: KVS) p. 21, where the 
figures are 460, 1207, 2015,2762,3509,4256, 5064, 5811, and 6558. 
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ftlcKlfd 4<*Pl'<: ^I^Mi^ f^T^T: I 

o 

5Rjfr ftrfefwT m:. f?r: wc: n 3° n 

cleft ^FTTftr^T^t 3 cRT FTTrT d^Hida: I 

^ms^s^^i^r mr ctft sffrtt ii ^ ii 

<X^FT trf^T x||m<*w^ ^RHTT II 33 II 

r^H^Mi^ftqi^^'S^^, Hi ^(1 d < I 

(Madhava, Sphuta., 21 -35a) 

Correction to the Dhruvakala-s 

To the dhruvakdlas derived in the above manner, along 
with their vdkyasankhyds and dhruvas (verses 16-20), or 
calculated in the manner enunciated before (verses 7-9), 
another correction has to be applied. That is stated, 
hereinbelow. (21) 
Mean Sun 

At the end of 5180 (ddikurma) (anomalistic cycles) 
contained in the first result (agrimaphakt) , being the first 
dhruvasddhana, vide verses 5-6), the Mean Sun, correct 
to the seconds, is 1 l r -H°-5'-l 1" (karkasdnekakdryakrt). 1 
For each remaining (cycle) the Mean Sun is (to be 
calculated at the rate of) 27°-9'-28" (ddrddhinasukham) 
plus 9/31" (dhijyuga) 2 (and added). Again, (is to be 
calculated and added, the Mean Sun) for (the number 
of days equal to) the vdkyasahkhyd and for that portion of 
the day under consideration upto the time (of each 
dhruvakdla)? (22-23) 

Correction for equation of time due to the equation of centre 

The sine of arc of the difference between the Mean 
Sun and (the Sun's) Higher Apsis (viz., 2M8°, dustd stri) 
divided by 160 (dtapa) would give vinddikds.* These 
should be added (to the Dhruvakdlas) if Sun minus Apsis 
(Kendra) is less than a half-circle (6 r ) and subti acted of 
greater. (24) 



1 Rationale: 5180 (ddikurma) is a certain number of anomalistic 
Mean Sun which period when added to the Mean Sun of the 
Khanda 15,02,008 (dinanamrdnusdsya) gives a result in full seconds, 
viz., 11*-11 -5M1* (karkasdnekakdryakrt). 

4 Rationale: The mean motion of the Sun in one anomalistic 

cycle is 27° 9' 28 = ddrddhinasukham + - ^ • 
81 yuga 

* The mean motion of the Sun for this calculation, as given in 

8* 

the author's Venvdroha, (verse 38), is 59'-8^-^y 

* Rationale: The Dhruvakdlas have been reckoned as from 
mean sunrise at Ujjain. They should be reckoned from true 
sunrise of the local place, which depends on: (i) the Sun's equation 
of the centre, \ii) the reduction to the equator, (iii) the longitude 



Correction for terrestrial longitude 

Then again, the corrective (vinddikds), on account of 
the place (in question)being situated to the east or west 
of the central (Ujjain) meridian, (has to be calculated). 
Its measure (for the place) is to be known from the 
traditional knowledge of the learned. (25) 

Therefore, when the correction in minutes to the 
mean Moon (for the place, as got by tradition) has 
been found to be additive or subtractive, the minutes 
are to be multiplied by 255 (sisira) and divided by 56 
(tama) and applied inversely as vinddikds. 1 (26) 
Correction for decl. asc. difference 

The True Sun is then computed and the precession 
added. Its R sine in the Sine Table (below) beginning 
with 153 (gunodydna) is then noted in order to compute 
the deciinational difference (cara-dala). (27), 



Sr. No. Gurvaksaras (2/5 second) 



(1-4) 


153 


305 


457 


607 


(5-8) 


756 


903 


1048 


1190 


(9-12) 


1329 


1464 


1595 


1721 


(13-16) 


1840 


1953 


2059 


2156 


(17-20) 


2245 


2323 


2391 


2448 


(21-24) 


2493 


2525 


2544 


2551 



(28-30) 

It is to be noted that the above (table) gives the half- 
ascensional differences [cara-dala) expressed in terms of 
gurvaksara-s and pertain to a place where the equinoctial 
shadow is two fingers' breadh (ahgulas). 2 (31) 

(When the equinoctial shadow of the place in question 
is) less or more than (2 angulas), (the half-ascensional 
difference) will be proportional (to the shadow). Its 
positive or negative nature is to be understood from the 



of the place and (iv) the deciinational ascensional difference 
(caradala) at the place for that day. Of these item (ii) is neglected 
by earlier astronomers like Aryabhata, and not given by our 
author in his work, following Aryabhata, though he must have 
known its need. Item (i) is given here. 

The equation of the centre is taken as 129' X R sin Manda- 
kendraf3438 (Aryabhata) and the True Sun rises earlier or later 
as this is negative or positive, at the rate of 1 prdna of time per minute 
of arc. Therefore, it is equal to R sin MandakendraX 129/3438x6 
=R sin Mandakendraj 160 in vinddikds, and is additive for the first 
six signs of Mandrakendra and subtractive for the next six. 

It may be noted that item (iii) is given in verses 25-26 and item 
(iv) in verses 27-32, below. 

1 Rationale: The Sun rises at the rate of 10 vinddikds earlier or 
later, as the place is 1° east or west of the standard meridian and 
this is additive or subtractive, respectively, to get the true dhruvakdla. 
Expert astronomers find this time by various means, and usually 
express it in terms of correction to the Mean Moon, which obviously 
is negative for the east, and positive for the west. This is trans- 
mitted through tradition to succeeding astronomers. This can be 
re-converted into vinddikds by multiplying the Moon's correction 
by 255 and dividing by 56, since the mean motion in 255 vinddikds 
is 56. Since the covreclicm-vinddikds and the Moon's correction are 
opposite in sign, the sign is asked to be reversed. 

8 This would correspond to a region having a latitude of 9J° > 
like Central Kerala, from where the author of this work hailed. 
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sayana-Sun being in (the six Signs) from Aries (ajddi) 
or from libra (jtikadi). (32) 

When the sign of all the three is the same, (the total 
correction) is their sum; when one is different, (the total 
correction) is the differnce between it and the sum of 
the other two. The vdkyakdla-s duly corrected (as 
above) will be the (correct) dkruvakala {True dhruva- 
kdla-s). (33 -34a) 

Fifteen (suka) nddikds corrected merely by the half- 
ascensional difference will give (the length of) the half- 
day. Those (vdkyakdla-s) which are less than the length 
of the (full) day (i.e., twice the half-day as found above) 
will fall duiing daytime and the other {vdkyakdla-s) will 
fall during night-time. (34b-35a). (KVS) 

21. 2. 5. m ^OTfRrrft *i«wiRt *$OTta*n n n n 

ott awatff fc^TT fro ^fwr n U n 
fcr^ffa f^Rfr? ^ ii v<\ n 

f^ftWI^TTcT: qftffi S^TcTOt II VY |( 



(Madhava, £/>toa„ 35b-48) 

True Moon 

The sum of the (relevant) vakyas (Moon-sentences) 
and the (relevant) dkruvas will give the True Moon-s 
(at those vdkyakdla-s). The True Moon (for times) in 
between (two vdkyakdla-s) will have be calculated by 
interpolation. The Moon's motion during an interval 
is the difference between the two (relevant) True Moons 
(and hence the said interpolation). (35b-36) 

Another method 

(Another method to derive the true Moon at any 
desired time is now stated. If the desired time is) later 
(than the vdkyakdla nearest to it), some add 221 (kathora) 
to the vdkyasahkhyd, and (if the desired time is) earlier, 
subtract from it 220 (nistkura). Or perform the 
operation with 27 (sukka) and 28 (duhkka), applied in 
the reverse order. 1 (37) 

Multiply the difference, i.e., the rate of the daily 
motion of the vdkya got, by the desired time, in nddikds, 
and divide the product by 60 (nati). The resullt 
should be added to the Moon's longitude (of the relevant 
vdkyakdla) if (the desired time) is later and subtracted 
if earlier. (38) 

True Sun at desired time 

In the case of the Sun, too, (its true position at any 
desired time) can be computed using its true motion. 
Computation of the true Sun can be done also by finding 
the mean Sun (at the time) using its mean motion. (39) 

R cosine of the mean Sun-mmitf- Higher Apsis is to be 
divided by 1550 (dtmdsaya) and the result applied to 
the Sun's mean motion, positively (when it is) in the 
six Signs beginning with Cancer (Karki) and negatively 
in the six Signs beginning with Capricorn (Nakra). 2 The 
true (daily) motion of the Sun is got. (40) 

Alternatively, take the reading for Sun-7wmw-Higher 
Apsis in the Sine Table beginning with janena? Add 



* Rationale : Subtraction of 27 from above or addition of 28 from 
below gives the mid-vdkya, whose rate is taken as the average for 
the interval. This rate being for one day or 60 nddikds, the division 
by 60 is done. Addition of 221 is the same as subtraction of 27 and 
subtraction of 220 is the same as adding 28, the total being 248. 
Either can be chosen according to convenience. 

2 Rationale: Since the Sun's equation of centre is proportional to 
the Sun's Sin manda-kendra, the variation in it causing true daily 
motion is proportionate to the cosine, and, therefore, zero at 90 
and 270° of kendra. 

» This is the table of the mandajyds of the Sun enunciated in the 
Grahac&ranibandhdnaof Haridatta (ed. K.V. Sarma, K.S.R. Institute 
Madras, 1954, p. 19): 

(1-8) : janena (8), satyena (17), mukhena (25), lingind (33) yavena 
(41), dhavena (49), samena (57), vartanam (64) 
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to it 1/31 (yugdmsa of itself and apply the result, taken 
as seconds, to the mean motion of the Sun, its being 
positive or negative being the same as before,- (i.e., as 
Stated in previous verse). (The Sun's true motion is 
got). (41) 

The two positions of the True Sun (in its course) 
correct to seconds, when its daily motion is exactly 1°, 
are 10 r 27° 3' 10" (istahganasakho nityam), and 6 r 8° 56' 
50" (nissesamadandrtinut) . (42) 

The Mean Sun-s at these positions are, according to 
Aryabhata, 10 r 25° 4' 25" (sauriva nas sironamyah) and 
6 r 10° 55' 35" (sull susminiketanah). (43) , 

When the (true) position (sphuta) (of the Sun) is 
equal to its Higher Apsis, it will have the slowest motion. 
And, when it is equal to its Lower Apsis, it will have its 
fastest motion. (44) 

The corrections prescribed for the dhruvakdlas are to 
be (computed and) applied also to the mnemonics for 
the Sun's transits (from one Sign to another) so that 
correct results might be obtained. (45) 

This correction can be applied inversely also to tjie 
Ahargana (total number of Kali days up to the current 
day). When corrected in this manner, it will give the 
True ahargana which elapsed at sunrise (on that 
day). (46) ' 

Node 

The first result (Agrimaphala of verses 5-6) is reduced 
by 5161 (kdntam karma) and multiplied by 87 (sadana). 
From the result subtract 35 (mula) and add to the 
remainder its 277th (samsdra) part, (The result 
obtained is in) minutes and is to be subtracted from 6 r 
to get (the position of ) the Node. Its position for the 
(different) vdkyakdlas is to be computed proportionately 
using the vdkyasankhyd-s in the same manner as that 
prescribed for the Sun. 1 (47-48) . (KVS) 



(9-10): rasena (72), hasena (78), madena (85), yodhanam (91), 
sudhenu (97), rajanya (ratnasya) (102), sunlpa (107), 
rupakah(112) 

(17-24) : tatasya (116), dhanyasya (119), parasya (121), bhadra- 
kah (124), carasya (126), harasya (128), dharapa (129) 
dharakah (129) 

These are the Sun's equation of the centre for every 3|° oikendra 
beginning from 0° to 90°. These are proportionate to Sin kendra. 
When shifted by 90°, so as to begin from 90° onwards, these will 
be equal to the cosines, and proportionate to the variations in the 
equation of the centre causing the true motion. Since the constant 
variation is 1/60X (1 + 1/31) of 129', the instrcution to take it as 
seconds etc. 

1 Rationale: It is taken that the motion of the Node is (87+87/277) 
minutes per Moon's anomalistic cycle. At 5 16 1 Moon's anomalistic 
cycles after the khapda-dina, the kfepa for the Node is (35+35/277) 
minutes, negative. Hence, the subtraction of 35. Since the Node's 
motion in retrograde, the total result is to be subtracted from the 
position of the Node at the beginning of Kali, which is 6 rails. The 
use of proportion for the days gone during the current cycle is 
obvious, the motion of the Node being uniform. 



21. 2, 6. q^dn3<? ggr TWdH-dTT I 

*fir tffiro ^fnr ^ i^r mm i 
4hP^ ^fsnn wmi v^m srfsFfr 1%: 11 *° 11 

'sffaT TT5T: fsR ' fr3T JW^T ftfom I 
PlfVlkUfe+ 3 KAN Id §#WTf% II II 

(Madhava, Sphuta., 49-51) 

Conclusion 

Stating but this much and that in a succinct manner, 
possibly certain details might have been left out by me, 
at places, under the presumption that those (details) 
are (generally known. May all those (details) be before 
your (mind's eye). (49) 

With a view to dispel the doubts of good men, the 
motion of the Moon has been set out in a proper manner 
concisely, by a man of intellect (which I consider myself 
to be). (50) 

By the very same person who composed the set of 
'Moon-sentences, beginniug with silam rdjnah s'riye' (12* 
2' 35"), correct to the second, 1 has this work, too, been 
composed. (51). (KVS) 

21. 3. 1 . Si*? ^£ , H rA i f^^^ l^ , H c r^ i i . 

^rew ^ TfRTOW ii R<\ ii 

o 

1 This text has been edited as an Appendix to the edition of 
Sphutacandrapti. 
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^TSfF^fict Tf^TT 3fa pTF^fr % II ^ II 

lift <refro*nff OT$N¥rft^CT u ^ u 

* (Bhaskara I, MBh. s 1. 21-28) 

Simplified astronomical procedures 

After a careful study of the ocean of the Asmakiya^ 
sdstra (i.e. the system of Asmakiya or Aryabhata), I 
reveal, by means of simplified rules, the planetary pro- 
cedures, the secrets therein, (hitherto) unnoticed by 
other followers of the Asmakiya. (21) 
Mean lunar days between Caitra and solar year 

Having ascertained the number of years (elapsed 
since the beginning of Kaliyuga), multiply them by 11 
and by 389/6000, (separately). Add the two results 
and divide the sum (thus obtained) by 30. The quo- 
tient denotes (the mean intercalary) months, and the 
remainder (the mean intercalary) days. 1 (22) 
Mean lunar days at mean solar year since prev. omitted lunar day 

Multiply (the number of years elapsed since the 
beginning of Kaliyuga) by 29 as divided by 36, (i.e. by 
29/36). Again multiply the same (number of years) by 
43 and divide by 72,000. The sum of the two quotients 
gives the (residual mean omitted lunar) days. (Multiply 
the remainder of the Hrst division by 2000, increase 
tfie product by the remainder of the second division, 
and then) divide (the sum) by 1125; then are obtained 
(the mean lunar) days (which have elapsed at the be- 
ginning of the mean solar year since the occurrence 
of a mean omitted lunar day) 2 (23) 
Mean lunar days at a Mean Caitra since a mean omitted lunar 
day 

From (the mean lunar days elapsed at the beginning 
of the mean solar year since the occurrence of a mean 



1 The mean intercalary days obtained from this rule are equal to 
the number of mean lunar days lying between the beginning of 
mean Caitra and the beginning of the mean solar year. 

The number of mean intercalary days in a mean solar year is 
qual to 1 1 X 389/6000. Hence the above rule. 

2 The number of mean omitted lunar days in a mean solar year 
is 5+29/36+43/72,000; and the number of mean lunar days 
between two successive mean omitted lunar days is approximately 
64. Hence the above rule. 



omitted lunar day), subtract the mean intercalary days 
(obtained in stanza 22 above) : the remainder (obtained) 
is the time (in terms of mean lunar days) elapsed (at the 
commencement of mean Caitra) since the fall of a (mean) 
omitted lunar day. In case the subtraction is not 
possible, add 64 (to the minuend) and then from the 
sum perform the subtraction. (24) 

Lord of the year _ 

Divide the sum of the months (viz. the solar months 
obtained by multiplying the years elapsed since the 
beginning of Kaliyuga by 12) and the (corresponding 
complete mean) intercalary months (obtained in stanza 
22 above) by 7; multiply the remainder by 30. Now, we 
may say what is to be subtracted from this: Divide 
the number of years elapsed since the beginning, of 
Kaliyuga by 7 and multiply the remainder (of the 
division) by 5, add this product to the number of (resi- 
dual mean) omitted lunar days (obtained in stanza 23) 
and divide the sum by 7 : the remainder (of this division 
is the quantity of the sum to be subtracted) . (Divide the 
difference of this quantity and the one obtained pre- 
viously by 7) . The remainder increased by one, counted 
from Friday gives the Lord of the year (i.e. the planet 
presiding over the first day of Caitra). So has been 
stated by the learned. (25-26b) 1 

Mean omitted lunar days 

Increase the number of (lunar) days (elapsed since 
the beginning of Caitra) by the number of (mean lunar) 
days elapsed (at the beginning of Caitra) since the fall 
of a mean omitted lunar day, and divide that (sum) 
by 64: the quotient gives the number of (mean) omitted 
lunar days (which have occurred since the mean omit- 
ted lunar day occuring before the beginning of Caitra). 
(26c-d) 

Mean lunar days between mean Caitra and mean solar year 

Multiply the number of years (elapsed since the 
beginning of Kaliyuga) by 149 and then divide by 
576: the quotient is in terms of days. Add these days 
to ten times the number of years (elapsed) : thus are 
obtained the so-called ravija days. To the ravija days 
add the (residual mean) omitted lunar days obtained 
above (verses 23 above). From the sum subtract the 
(complete mean) intercalary months (obtained in stanza 
22) as multiplied by 30. Whatever is obtained as the 
remainder is the 'subtractive' for the (current) year. 
When the 'subtractive' is greater, then the difference is 
prescribed as the < additive'. 2 (27-28) 



1 For elucidation, see MBhvKSS, p. 19. 

2 For the rationale, see MBh:KSS, pp. 20-21. 
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U£d«j;, d^gKi f*WI*M 

21.3.2. ^rfew^rf^ft *mwt *m ^ftcr: i 
^rr f^rr ot«pt \fa «fltctdi: *rfig;: u 

MRid^^PdR^ <p?# ^rmtscr II 3o II 
dri%fl ^T^fr M^t: II 31 M 

j^H^psfr Trm*\l tat 

^R^^R^^: *T ^Pft: II ^ II 

'^R'p ^^nm 'T?sh^rnt <pt 

'WW^T ^ m^t T#OTtH^T 
tf^*T jft^ fff: II 3^ II 

M^mK^c+Hi: s^cqr vftift II ^ II 

'fenr'*# ^| ^i<^KwV<np g f^rrw: i 
Trfwf few fk^m^^m 

d<lfill+HldfeH*l ^ 

anWffe WFT ^d^ll^r^rTT: II Vo It 

(Bhaskara I, 1. 29-40) 



Mean Planets 

Grahatanu and Dhruvaka 

The number of years elapsed (since the commence- 
ment of Kaliyuga) multiplied by 360 is always called 
grahatanu. The (mean) longitudes (reduced to degrees) 
of the planets (Sun, Mercury, and Venus) together with 
the grahatanu are called dhruvaka by the learned. (29) 

The grahatanu for the Sun, Mercury, and Venus 

Diminish the (lunar) days elapsed since the beginning 
of Gaitra by the corresponding complete omitted lunar 
days (obtained in the second half of stanza 26 above) and 
divide (the difference) by seven: the remainder (of the 
division) counted with the first day of Gaitra is said to 
give the (current) day. From that, the 'subtractive 5 
for the year (obtained in stanza 27-28) should also be 
subtracted. (But it must be remembered that) the 
minuend of this subtraction is the difference of the 
previous subtraction and not the other (i.e., not the 
remainder of the division) . (The remainder obtained 
by subtracting the 'subtractive' is the grahatanu for 
the Sun, Mercury, and Venus. It denotes the number 
of mean civil days elapsed since the beginning of the 
mean solar year) . (30) 

Mean longitudes of the Sun, Mercury, and Venus 

Divide the grahadeha (or grahatanu) (for the Sun) by 
70: the result is in days, etc. Then multiply one-fifth 
of the grahadeha {i.e., grahatanu) by 2: the result is in 
vighapkas. These (days and vighatikds) subtracted from 
the grahadeha are stated to be (the degrees, minutes, 
etc. of) mean longitudes of the Sun, Mercury, and 
Venus. (31) 

Mean longitude of the Moon 

Multiply the grahatanu for the Moon by 83 (lit. 9 2 +2) 
and divide by 225; the result is in terms of degrees, etc. 
From that subtract the seconds obtained by multiplying 
the grahatanu by 11 and dividing by 50. (Then add 
the remainder to thirteen times the mean longitude of 
the Sun as prescribed in stanza 35 below: The sum 
thus obtained is the mean longitude of the Moon) . (32) 

Mean longitude of the Moon's ascending node 

Divide (the grahatanu) by 270: these are degrees. 
Multiply (the grahatanu) by 113 and by 600: these: are 
seconds. These together with one-twentieth part of 
the (mean) longitude of the Sun (in revolutions, 
etc.) constitute the (mean) longitude of the Moon's 
ascending Node. (33) 

Mean longitude of the Moon's apogee 

Multiply the grahatanu by seven and divide by nine: 
these are minutes. Then multiply the grahatanu by 1 1 
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and divide by 60: these are seconds. Then divide the 
grahatanu by 20: these are thirds to be subtracted. 
These together with one-tenth of the Sun's (mean longi- 
tude (in revolutions, etc.) constitute the (mean) longitude 
of the Moon's apogee. (34) 

Mean sighrocca of Venus, and additives for the sighrocca of 
Mercury and the Moon 

Multiply the grahatanu by 37 and divide by 900: 
these are the degrees, etc., (forming part) of the (mean) 
longitude of (the sighrocca of) Venus. Then divide 
the grahatanu by 100: these are seconds. Add to these 
one-third of the Sun's (mean) longitude (in revolutions, 
etc.). Then subtract the whole of that (sum) from 
two times the Sun's (mean) longitude. (The difference 
thus obtained is the mean longitude of the sighrocca of 
Venus). 

To the (mean) longitude of (the sighrocca of) Mercury 
and the Moon, add four times the Sun's (mean) longi- 
tude and thirteen times the Sun's (mean) longitude 
respectively. (Vide stanzas 32 and 36). (35) 

Mean sighrocca of Mercury 

Divide the grhatanu by 200: the result is in terms of 
Signs. Then divide the grahatanu by 8 : these are minutes. 
Then divide the grahatanu by 60: these are seconds. 
Adding all these (and also four times the Sun's mean 
longitude as prescribed in stanza 35) is obtained the 
(mean) longitude of (the Hghrocca of) Mercury. (36) 



Mean Saturn 

Multiplying the grahatanu by 8 and dividing by 225 
are obtained minutes; and dividing (the grahatanu) 
by 300 are obtained seconds. Adding these two 
together and increasing that (sum) by one-thirtieth 
of the Sun's (mean) longitude is obtained the (mean) 
longitude of Saturn. (37) 

Mean Mars 

Multiply the grahatanu by two and subtract one- 
twentieth of itself from that: thse are minutes, etc. Then 
divide the grhatanu by 50 : these are seconds. Add these 
(minutes and seconds) to half the Sun's (mean) longitude 
(in revolutions, etc.) : the sum is the (mean) longitude of 
Mars. (38) 

Mean Jupiter 

Multiply the grahadeha (i.e., grahatanu) by 22 and 
divide by 375: these are minutes etc. Add them to 
one-twelfth of the Sun's (mean) longitude (in revolutions, 
etc.) : the result is the (mean) longitude of Jupiter. (39) 

Corrections to be applied 

Add three Signs to the mean longitude of the Moon's 
apogee. Subtract the (mean) longitude of the Moon's 
ascending node from 12 Signs and then add 6 Signs. Also 
(if necessary) add one to the ahargana obtained by pro- 
portion. So say the astronomers whose hearts are 
devoted to Aryabhata's system of astronomy (bhatasdstra) . 
(40) * (KSS). 



1 For rationale, and worked out examples, see MBh:KSS, 
pp. 16-28. 



22. 4(fu)d^Tlr4* ~ RATIONALE OF ASTRONOMY 



22. 1. 1. *n2TRT ^Rt Tf^" dfTlMMlrl f^TT 

(Bhaskara II, SiSi., 2. 1. 2) 

Need for rationale 

It shall not be possible for an astronomer to assert his 
views convincingly before an assembly of scholars 
merely on the basis of the computation of mean planets 
etc. without a proper exposition of the underlying ration- 
ale. I am therefore composing this section (i.e. Gold- 
dhyaya section of the Siddhdntaiiromani) expostulating 
astronomical rationale by means of astronomical models 
and diagrams through which they could be clear even 
as a myrobalan placed on one's palm. (KVS) 

22. 2, 1. ftc* <r«H l fafamitf*n gfa: TOt *nf : t 

*lf*Jlstfasm«lGMMd: HWfa" WTfrr: ^: ll <1 || , 
*lfd+IMftifMI ^^Rd^lfdd m% I 
<RHrsi^tfl^ft <qzfo *T Hl^ ^l«-si*Kl: II ^ II 

•^I'fii^ltild md^fl *FT*ft 4*Hld *RTwrfsra>: I 
3rfiwi*l**dd: i PTRT 'h^RH:' $fcr>Tt: ||Y|| 

^ f^WTT^TT: ^Tftl+HWi: TOI ^HI :^: I 
3RT tT^- ^ ^t^t: ^T^TfTdf«T5^mr: 1 1 

(Lalla, SiDhVr., 16. 1-5) 

Measure of sidereal day etc. 

Since a civil day or savanadina is equal to a sidereal 
day or naksatradina plus the number of asus equal to the 
number of minutes in the Sun's daily motion, the number 
of sidereal days in a year is equivalent to the number of 
Sun's revolutions in the year, converted into days and 
increased by one . ( 1 ) 

When a civil month is decreased by 28 ghatikas, and 
10 palas, the conjunction of the Sun and Moon takes 
place. This duration is a lunar month or cdndramdsa. (2) 

A solar month or sauramdsa consists of 30 dinas. 26 
ghatikas and 18 vighatikds (in civil units), and begins 
with Gaitra. (3) 




As a solar month is always longer than a lunar month, 
there is an intercalary month or adhimdsa in 65 half 
lunar months or patyasoi the Moon. (4) 

So, the number of solar months (during a period) 
increased by the number of intercalary months is equal 
to the number of lunar months (in the same period). 
And, so, the number of lunar days diminished by the 
number of civil days (during a period) is equal to the 
number of avamadinas or omitted tithis (in the same 
period). 1 (5)/(B'C. 

22. 3, 1. fafcdfe^H^TWfHdl fl^dTl^facH ffirc I 

#3HJ ^H^l ^ Rlkt I ftpffat, f^T ^ ?fzft: imil 

■^rnr i 

t wto m&n ii n 
*§w»i+l[d¥!Tt 3T qf^araT&ftsflr i 

«4fd^Iw ftr<f ^l<?MH^H3d: m: II <\v II 
T ^^m: f S^m: ^ f| ^^qj ^ It 
fa^ iK1*ffTN^I \H fd+*1T || <J£ It 

ft^T^i^^H^iiJi<.Rdid; crfrt: ^wr^rf ^ i 

GTST: sf^TCT, kMIMK 3>:WTtT f^TOT^T 1 1 

rr^ftr? fa fial wj i J) c| | <*| rd^^r^ i 
^J^fa<U3R?r ^rtfir: wt wr^rf%#T: II ll 

fafedil^H^ftdM M Rfei oMT^H ltfcfr5«r^T spuf: | 
STI^rHKHHd- F^WT FT^W f^OTt: I 

^^fdfNf^fr: f^qr^rf FJZ crf^ IRK 

#Tt ff ^sr: M fid R^lfd Hi ^TO: I 
^ftqii^ft^T^fl' -?rr?r: ?5^rTcT: II II 

t d^n^H^ft ^wT^Tw^rr^R" 1 1 



1 For mathematical notes, see SiDhVfi BC, II, pp. 238-39. 
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(Nilakantha, Golasdra, 3. 15-28) 

Rationale of True planets 

The anomaly forming the difference between the 
planet and its apogee, and measured by the known 
planet's circle, (whether mean or tighra) is (ultimately) 
measured by the minutes on the orbit of the knowable 
(i.e., true) planet. And there is difference between 
the two. (15) 

The orbit is measured by the base and perpendicular 
on the manrffl-eircle centered at the centre of the orbit, 
and measured by the circle of the hypotenuse. (16) 

Or, it is also measured by the radius of the orbit got 
from the true base and perpendicular. (17a) 

It is this hypotenuse circle that is deflected (front 
the ecliptic), since the deflection (giving the latitude) 
is that of the planet on this. (17b) 

Even there, the deflection is measured, not in yojanas, 
but by itself, (i.e., the angle). Therefore, it is not got 
by the hypotenuse, since it is measured on a circle always 
even (i.e. , of unchanging radius) . (18) 

This is on the Hghra circle (in the case of Mercury 
and Venus). When this is projected on the orbit, the 
resulting perpendicular circle is to be got. The hypo- 
tenuse (of the equation of conjugation) is to be got by 
using the two results, (i.e., R sine and R cosine) of 
the orbit, formed by the segments of the motion of the 
planet , of circles varying according to the perpendiculars 
got from the deflection as base, and multiplying by the 
hypotenuse, and dividing by the radius. The R sine 
(of the equation of conjunction) multiplied by the radius, 
and divided by the above is the R sine forming the 
result, (to be applied in the last operation). (19-20) 

Getting the true planet in this manner is only for the 
two, (viz., Mercury and Venus). For Mars, Jupiter 
and Saturn, the perpendicular projected from the 
hypotenuse forming the distance between the Earth and 
planet, is the hypotenuse, and the base is the deflection 
mentioned. (21) 

This base, multiplied by the radius and divided by the 
distance between the Earth and the planet is the true 
(i.e., geocentric) latitude. Therefore, the latitude got on 
the manda circle, multiplied by the mflm&r-hypotenuse is 
divided by this (viz., the distance between the Earth 
hand the planet. (22) 

Or, the hypotenuse is first to be got, using the radius 
of the mean planet's orbit. In getting here the perpen- 



dicular related to that, the latitude got by the manda-' 
circle is the true base. (23) 

Here, in the case of Venus and Mercury, their mean 
is corrected by the equation of the centre. The latitude 
also is got from this, but this being applied to the apsis 
of conjunction inversely. (24) 

25. But since the orbit is smaller than the sighra 
circle, it (i.e., the latitude) is multiplied by the perpen- 
dicular got from the marato-hypotenuse and the latitude, 
(taken as base), and divided by the radius, to become 
true. (25) 

The deflection listed by the wise (i.e., the authoritative 
astronomers) is to be multiplied by the radius and divided 
by the final result. Here, the distance between the 
Earth and the (true) planet is to be taken as the final 
result. Therefore, it, (i.e., the latitude), becomes true 
by that. (26) 

The mean Sun corrected by their (i.e., of Mercury 
and Venus) equation of conjunction, is their true position. 
Their yojana measures are to be multiplied by their true 
distances and their mawfifc-hypotenuse and. divided by 
their distances above. (27) 

The (motions of the) planets on the stellar sphere are 
thus ruled by motions caused multifariously. The 
motions of these are ruled by those. The inter-depend- 
ence is, thus, resolved by resorting to successive 
approximation. (28-29a). (KVS) 

3viird<ir^mHT 

22. 4. 1. H*Hld mMK<6: SF* JTFF ^ ^S^T^fa ^TCT: 1 
^^TFcR^M #?T V% f^RT I I S II 

^^^fwr: ^PTf^Tft# FFbT II ^ M 

A1|WjlTl<yeMiilld ^ tFcT ^WcT Ttcft II d II 

3-;t jrfT^fts^R : <Pmi^i i i £ 1 1 

<=T?T ^TTW *M4M^m^ ™ II V || 

9trt fa+K«i #^sM^pt ii <n II 

(Lalla, SiDhVu, 16. 6-11) 

Rationale of Desantara etc. 

As the Sun rises first at a place which is to the east of 
the prime-meridian line, and then at a place which is to 
the west of it, the correction for terrestrial longitude is 
applied positively or negatively, as the case may be, 
to the mean place of a planet (as found at sunrise at 
Lanka). (6) 
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Since the time of the mean sunrise (is not the same as 
the time when the true Sun rises), the latter time being 
either before or after, (the longitude of a planet should 
be corrected) by means of proportion using the Sun's 
mandaphala in minutes and the motion of the planet. The 
correction in minutes, (known as bkujdntara correction), 
is additive or subtractive, as the case may be. (7) 

(At the equator), the Sun rises and sets on the eastern 
and western six o'clock circle, respectively. The ele- 
vations and depressions therein are controlled by the 
north and south celestial poles. (8) 

In the northern hemisphere, the horizon is below the 
six o' clock circle and, in the southern hemisphere, it is 
above it. (So, when the Sun is in the northern hemi- 
sphere) , at a place to the north of the equator, it rises 
earlier and sets later than it does on the equator. (9) 

But when the Sun is in the southern hemisphere, it 
rises later and sets earlier than it does on the equator. 
So, the result due to the ascensional difference is sub- 
tracted (from the mean longitude of a planet at sunrise 
on the equator in order to obtain its mean longitude at 
sunrise at the observer's station to the north of the equ- 
ator, if the Sun is in the northern hemisphere; for sun- 
set), it is added. (When the Sun is in the southern 
hemisphere,) the contrary is the case. (10) 

Hence, when the Sun is in the northern hemisphere, 
the day is longer and the night is shorter ; the reverse is 
the case when it is in the southern hemisphere, (the 
place of observation being to the north of the equator) , 
The cause can be explained clearly by means of a 
diagram. 1 (11). (BG) 

22. 5. 1. ^Pf# TrSErft*Tt ^Tcjwf d^Ti^ I 

^'WWI ^Wft *Jd)>H+M"k^ fa II H 

3f^|rcAH^H^f1f ^(d^N£4d ^"wfl^i J 
^l^dl^ l q- qiWrf # M<Wdl: qWRT I 

srnrm^'TT ? *r^^iwdiw;*dM it n 



* For notes, sec 6iDhVr. BC, H, P- 240. 
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qr^^-^wr: wfaTsrr ajR^h fwr w: i 

^INM^d : ^f^d I *H *l R^r^'q^r^^fir I 

(Lalla, SiDhVr., 16. 12.-22.) 

Rationale of ascensional difference etc. 

Along the latitude of Lanka which passes through the 
middle of the Earth, (that is, along the equator), the 
horizon coincides with the six o'clock circle. So, there 
is no ascensional difference (at this place) . The lengths 
of days and nights are always the same. (12) 

There, though the latitude is 0°, (the times of rising of 
the Signs of the zodiac above the horizon are not the 
same). Since Aries and Taurus are more oblique 
because of their respective larger declinations, they take 
a shorter time to rise. The end of Gemini is more 
upright because of its comparatively shorter declina- 
tion and because of being at the end of the quadrant. 
Therefore, it takes a longer time to rise. At places other 
than the equator, (the times of rising differ), because of 
difference in latitude. (13-14) 

(In the northern latitudes) the first and fourth 
quarters (of the ecliptic) pass the horizon in one fourth 
of the duration of the day and night (that is, one fourth 
of 60 ghatikds) minus the ascensional difference. The 
second and third quarters, however, (pass the horizon) 
in one fourth of the duration of the day and night plus 
the ascensional difference. This is so because of the 
latitude of the place and of rotatory motion. (15) 

(Since in the northern latitudes) the six Signs from 
Cancer are inclined towards the south and the six Signs 
from Capricorn are inclined towards the north, the 
former take longer and the latter shorter times than 
those they take at the equator. This is so also because 
of rotatory motion. (16) 

(The Signs of the zodiac) that rise when they are 
inclined towards the north set when they are inclined 
towards the west. Again, those which rise when inclined 
towards the east or west set when they are inclined 
towards the north. (17) 



22. 5. 1 



INDIAN ASTRONOMY — A SOURCE-BOOK 



290 



If the times of rising of the Signs at any latitude are 
obtaine4 by adding or subtracting their respective 
ascensional differences (to or from their times of 
rising at the equator), the times of their setting 
are obtained by subtracting or adding their respective 
differences. (18) 

If at any latitude, the ascensional difference of a Sign 
is the same as its time of rising at the equator, expressed 
in asus, that Sign is always visible at that place. At 
other places it rises and sets (as usual). (19) 

Scorpio, Sagittarius, Capricorn and Aquarius are not 
visible at a place where the latitude is 75°. (20) 

When planets in the southern hemisphere are not 
visible at a particular station, they do not set at that 
station when in the northern hemisphere and of the 
same declination. (21) 

When the Sun is at the end of Aries, it rises 108 
yojanas to the north of the east point; when at the end of 
Taurus, by 189 yojanas; and by 220 yojanas when at the 
end of Gemini. (22). (BC) 

22. 6. l. srw *rf^: m^wr^w^m ^^^nrnt: i 

■o 

snr^TRTi: m*hm srprfrnr forerr ^fr^r: ti n 
srfwRf sr^mrefr ^rfw frtsttcsht i 

•S C "N 

fa ?T ^ H H PH «^f| d T<=H fa ^4 °h^^W II 31 M 
d^ld 5fW STST^ T^T^^r: ftlpHU^: n II 

?f^T T^TfSTfeft Tf^wftRt: W^Fff fN^RT I 
(Lalla, SiDkVr., 16. 28-36) 

Rationale of eclipses 

The parallax in latitude is (calculated) by means of 
the degrees in the zenith distance of the meridian 
ecliptic point. It is the north-south distance of the 
orbits of the Sun and the Moon at the time of an 
eclipse. (28) 



In a solar eclipse, since the Moon comes from the 
west like a cloud and obscures the Sun, contact takes 
place on the west and separation on the east. (29) 

(In a solar eclipse) the obscuring 'body, (that is, the 
Moon) being smaller in size, the Sun, when half eclipsed, 
has pointed horns. The duration of the eclipse is short 
and the obscured portion appears different in different 
places. (30) 

(In a lunar eclipse) the Moon enters the circle of the 
Earth's shadow cast on its own orbit as shown by calcula- 
tions. Since the orbit (of the obscuring and the obscured 
bodies) is the same, there is . neither parallax in 
longitude nor in latitude. (31) 

Since, in a lunar eclipse, the Moon moving eastward 
enters the shadow which is moving westward, contact 
takes place on the east and separation on the west. (32) 

As the disc of the Earth's shadow (which is the obscur- 
ring body in a lunar eclipse), is big, the horns of the 
Moon, when half-eclipsed are blunt. The duration of 
the eclipse is long and the obscured portion does not 
appear different from different places. (33) 

In a solar and lunar eclipse, the parts of the disc 
obscured are different ; there is a difference in the duration 
of each ; and the directions of the contact and separation 
vary in each case. The cause (for the eclipse) is the 
Moon (in a solar eclipse) and the Earth's shadow (in a 
lunar eclipse). It is thus established that Rdhu is not the 
cause of the eclipse. (34) 

The Moon, when eclipsed, is thrown (to the north of 
south) of its obscuring body, (that is the Earth's shadow), 
according as its latitude is to the south or north. (So, 
in the projection of a lunar eclipse), the latitudes (must 
be marked) in a direction contrary to their own. 

But in a solar eclipse, (the Moon is thrown to the 
north or south of the obscured body, the Sun, according 
as its latitude is to the north or south). (Hence, in the 
projection of a solar eclipse) , the latitudes of the Moon 
should be marked in their own direction. (35) 

When the east point on the prime vertical moves to 
the south (with reference to the east point on the ecliptic), 
the other directions (points) move to the right from the 
left; when the point moves to the north, the other 
directions move to the left from the right. Therefore 
the valana (deflection) should be marked in a direction 
contrary to its own. (36). (BG) 

22. 7, L '^ri^^£w*TTT' ^T^nr^: I 

T^C, ^fk ^I^Th^RI:' fTO5T: II ^ II 
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22.7.3' 



^^TTTe3nRTrsqT3 TO: <WK^HwlKK II ill 

faOTTCfaqiH, ddfir^vriiT tf^fT^TOfa: II \ tl 

(Para,, Grahana-nydya.^ 2-6) 

Rationale of the computation of eclipses 

Distances of the Sun and the Moon 

The (mean) distance in yojanas of the Sun from the 
centre of the Earth is 4,59,585. Of the Moon, (it is) 
34,377. (2) 

These two multiplied (respectively) by the (respective) 
hypotenuses derived by repeated approximation (i.e., 
the radius vector of the respective orbits) and divided by 
Trijya {viz., 3438) are known to be the true distances (of 
the Sun and the Moon) (at the particular time of 
calculation), for they must be (at some position) 
between the centre of their orbits, viz., the Earth, and 
their maximum value. (3) 

Diameters of the Sun, the Moon and the Earth 

The diameter of the Sun is 4410, that of the Moon 315 
and that of the Earth 1050, all in (absolute) yojanas within 
their own spheres. (4) 

The respective diameters of the Sun and the Moon 
divided by the true distances in yojanas and multiplied 
by the Trijya is the diameter of the Sun and the Moon 
in minutes of arc; for, the Trijya {viz., 3438), the (unit) 
hypotenuse, is in minutes. (5) 

In all circles the minutes contained in the radius 
is equal to their number in the Trijya, viz., 3438; and 
hence Trijya is the hypotenuse in minutes for all 
circles. (6) (KVS) 

22. 7. 2. STFi W*K<H ^rTlTTfa: ^^Traw: I 

^KTT % cP^FTF, ftraW cRT II * II 

^nt^^f ^wi3uf«i, fm(H«iif^: II 1,° ii 



fos^ l^H^M ^frszrr^f: ^WTc^: II *iH M 
WK^fcA TOT teWMltfl W: I 
[v^t: wft d*T l«m« :] MlRdl^d ^T: II Wi 
Para., Grahana-nyaya., 7-12) 

The Earth's Shadow 

The radius of the Sun is (equivalent to) the height of 
the lamp, that of the Earth to the height of the gnomon, 
and the (true) distance of the Sun in yojanas to the 
horizontal distance between the gnomon and the 
lamp. (7) 

The horizontal distance between the gnomon and the 
lamp multiplied by the gnomon, and divided by the 
difference (in the heights) between the gnomon and the 
lamp is the shadow (of the gnomon) ; this represents the 
length of the Earth's Shadow. (8) 

At the base, the Shadow has the diameter of the Earth 
and at the tip it is (tapering) like the cow's tail, for the 
Sun's rays fall (on the Earth) equally on al sides. (9) 

The length of the Shadow decreased by the (true) 
distance in yojanas of the Moon (from the Earth) multi- 
plied by the diameter of the Earth and divided by the 
length of the Shadow will be the measure of (the diameter 
of) the Shadow at the Moon's position. (10-1 la) 

That multiplied by Trijya and divided by the (true) 
distance in yojanas of the Moon will be the diameter 
of the Shadow in minutes. (11 b-d) 

(If) the diameter of the Shadow at a distance equal to 
the length of Shadow from its tip is equal to (the dia- 
meter of) the Earth, what will be its diameter at the 
Moon's position: thus is calculated the diameter of the 
Shadow. Its (measure in) minutes is derived even as 
the Moon's. (12). (KVS) 

22. 7. 3. rr^^rrft ^TR^ST^f ^ ^ I 

<trpt, fiwa t tt^; <rr^ ^ cnrfsr ferfa: n 

ft q forfait [fcPTT] ^ ^TTn STCTfaft: I 

(Para.; Grahana-nydya^ 13-14) 
Duration of the eclipses 

The Sun's eclipse lasts as long as the Moon and the 
Sun continue to be in the same eye-line (when viewed 
from the Earth). Similarly, for the Moon, (the eclipse 
lasts) as long as it remains in the Shadow (of the 
Earth). (13) 

At full moon, the Moon will be at the middle (of its 
passage through) the Shadow. The conjunction of 
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the Moon and the Sun may occur (a little) before 
or after the time of new moon, on account of parallax. 
(14) (KVS) 

22. 7. 4. ^M^^^Hlft^t Tfo: I 

iron 

^ Ui^H^^ MlHM^I^Ifa^l^id: II Tvs II 

wi^i^j"4^i^i^^R^i T Ti^ c >^i i 

+(^^5 Id' ^TM ^ff^M^'ftd: II T=MI 

(Para., Grdhananydya., 15-19) 

Meridian ecliptic point and Nonagesimal 

. The point of the Ecliptic on the Meridian (Madhya- 
lagna or Madhydhna-lagna, M) is the longitude of the Sun 
( w S) reduced or increased by the segment (SM) of the 
ecliptic got from the Nata-ntidikas (i.e., time from the 
True noon by using the Lankodayaprdnas) - 1 (15 ab) 

The Nonagesimal (Drkksepalagna) (D) is the Orient 
Ecliptic point (L) minus three Signs. (15cd) 

Sine of the Meridian Ecliptic Point 

The Sine of the Point of the Ecliptic on the Meridian 
(Madhya-jyd or Madhydhna-jyd, MZ) is got by the (proper) 
addition or subtraction of the declination of the Madhya- 
lagna (ME), and the arc of the Sine latitude, i.e., the 
latitude (ZE). 2 It is actually the Madhyadrgjyd (Sine 
Zenith distance of the Madhyalagna) . The (Mahd-) 
Sanku pertaining to it (i.e., Cos. ZM) is termed the 
Madhya- (Sahku) . (16) 

Drkksepasanku 

The Drkksepasanku (i.e., the Mahdsanku pertaining to 
the Nonagesimal, i.e., Cos. ZD) is this (Madhyasanku) 
multiplied by Trijyd and divided by the Sine of the 
Madhyalagna-minus-Prdglana (Sin. ML). 3 (17) 



1 In the forenoon, taking the position of the Sun as the Udaya- 
lagna, calculate the segment of the ecliptic corresponding to the 
Natanadikds at that time using the Lankodayaprdnas, (i.e., Lankdrdsi- 
mdna), and subtract it from the longitude of the Sun, In the after- 
noon, since the Madhyalagna is greater than the longitude of the 
Sun, the corresponding segment is added to it. 

2 That is, the Sine of the angle got from the sum or difference of 
the declination of the Madhyalagna (ME) and the latitude (ZE) is 
called Madhyajyd. 

3 Since the spherical triangle MDZ is right angled. 

Cos. MZ Cos. MZ Cos. MZ 

Cos. DZ = = = • 

Cos. DM Sin. (90-DM) Sin. ML 

as given in the verse. 



The Drkksepa- (sanku) is derived by the proportion: If 
the Madhyasanku is (got) by the Sine of Madhyalagnar J 
horizon (i.e., ML), (what will it be) by Trijyd. (18) 

Its Mahdcchdyd is (equal to) the Sine at the Nonagesi- 
mal of the arc between the Zenith and the Ecliptic (DZ). 
(It will be the altitude for the hypotenuse which is the 
(Graha-maha-)cchdyd (i.e., Sin. SZ); Sine Drggati (i.e., 
Sine of the intervening segment on the ecliptic, SD) is 
the base for it. (19) (KVS) 

22. 7. 5. ^M^|cHi{W^|i||c|4q< cRT: I 

^retsfa crcHfc>, S^TS? *f ^TRTU: II ^3 1 1 

Rl«Nd ^rf^TrT^R, ^wmfe: II || 

(Para , Grahana~nydya., 20-24) 

Sine ggati 

The root of the square of the Drgjyd (i.e.,. Sine Zenith 
distance of the planet, i.e., Sin. ZS) minus the square of 
Sine Drkksepa (Sin. ZD) is called Sine Drggati (Sin. DS). 
Since the difference in longitude due to the difference 
of the position of the observer at the centre and at the 
surface of the Earth (drgbhedottha gati) is got from this, 
it is called Drggatijyd. 1 (20) 

That (jyd) from which (the portion of) the latitude 
caused by the Drgbheda (i.e., the difference of view from 
the surface and the centre of the Earth) is obtained is 
called the Jyd for the Drkksepa. The difference of view 
is in accordance with the Chdyd (Sine of the Zenith 
distance) . Hence, here, the Drkksepajyd is the same as 
Drgjyd (Sine Zenith distance) of the Nonagesimal. (21) 

The Drgbheda is zero at the zenith. It is equal to 
the radius of the Earth at the horizon, in its own 
orbit (SiSi)- In between, it is (SS'), proportionate (to 
the Sine of the Zenith distance, ZZGS). (22) 

In the case of the altitudes of a planet (S and S') in 
the two circles with the observer (E) and the centre of the 
the Earth (G) (respectively, as centres), the difference 
(of the centres) is the Drgbheda (SS'). Viewed from the 
observer as centre, its direction is downwards. (23) 



1 The sense is drgbhedotthagati-ddyaka-jyd, since paramalambana x 
dfggatijyd^ actual lambana (in longitude). 
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Though the (composite) Lambana (parallax) observed 
is in accordance with (the difference in) the Mahdcckdyd 
(Sine Zenith distance), actually, the Parallax in 
longitude is (that component of it which is) derived 
from Drggatijya (Sine SD). That (component of it 
which is) derived from Drkksepajyd (Sine ZD) is the Nati 
(Parallax in latitude). (24) (KVS) 

22. 7. 6. WRWTrft ^N" ^Hditfl,^ I 

[f^^rr]^ ^^wr *ft^'#fd<riHH u ^ u 

^OT^Rft fylfot ^RHHH I 
^mT^f^ ^nfwT^t t 5 ^ ift II M 

[f^qTW] ^TfFT ^^ft *Tfd?IHH II I - 

fo s fn f fd ^HI'frH fa ffr T FTK I 
^ssrr^rc fe^4^K iV^i Hfd^lH^ II ^£ II 

pq^- rn-r ^rrfw, f^aTfim STST fWt: II 3 II 

(Para., Grahananydya, 25-32) 

Parallaxes in Latitude and Longitude 

(For), here, Lambana (parallax in longitude) is the 
component along the Ecliptic (SD') of the (composite) 
Parallax (SS') while the component perpendicular to 
the Ecliptic (S'D') of the (composite) Parallax will be 
the Nati (Parallax in latitude). (25) 

The two, Sine Drkksepa and Sine Drggati, multiplied 
by the radius of the Earth and divided by Trijya will, 
respectively, be the Parallaxes in latitude and in longi- 
tude, in terms of yojanas, in the planet's orbit. (26) 

(This results from the proportion) : If the Drkksepa- 
(jya) and the Drggatijya) are each equal to Trijya, their 
(corresponding) Nati and Lambana will be equal to the 
radius of the Earth, what will each be for the given 
Drkksepa{-jyd) and Drggati-(jyd) - 1 (27) 

These divided, respectively, by their true distances 
from the Earth and multiplied by Trijya will give the 
Parallaxes in latitude and longitude, of the respective 
planet in the Trijyd-vrtta (Great circle). (28) 



1 Thus, Trijya: radius of Earth : : Drkksepa : Nati (inyqjanas) 

Do.: Do. : -.Drggati : Lambana: (in yojanas) 

21-* 



The Parallax in latitude of the Moon minus the 
Paraliax in latitude of the Sun is the Parallax in latitude 
(to be used) in (the computation of) eclipses, since the 
Parallaxes in latitude and longitude of the Moon are 
(both) calculated relative to the position of the Sun. (29) 

The Parallaxes in longitude are the same for the Sun 
and the Moon in yojanas; as also the Parallaxes in 
latitude. They, of course, differ, (in their measure) in 
minutes, the minutes for the Moon being always 
greater. (30) 

Or, if Sine Drggati is multiplied by the radius of the 
Earth and divided by the mean distance of the Moon 
(from the Earth), multiplied again by 60 and divided 
by the mean daily motion of the Moon, the Lambana- 
nddikds (Parallax in longitude in nddikds) in an eclipse 
are obtained. (31-32ab). 

The Drggatijya (Sine SD) divided by 863, therefore, 
(gives) the Lambana-nddikds. (32cd). (KVS) 

22. 7. 7. ^T^rfo zft ttt ^vrPm^fe <PT I 
*m^HMHIS>f ^ta^ifci^l 1 1 3 3 1 1 

fWt effing STTT 5WHH*i: I 

cp#^ snipf M^Vd^HId 1 

3jiK | g q- EFT JJ4"HI"°"^ *jfl Vkk<=! <H H d II ^ U 

5|j>V) ^ l ^ ^r ^ T fTOSF <HHH*j[ I 

fam crt qf^s^fc^r ^ ^R^T^rr II ^ II 
ipfqW^^^f cH 'm 4>> trtV ii ^ n 

(Para., Grahana-nydya., 33-40) 

Any defect (in the results obtained as above) due to 
(using) the mean distance (of the Moon) will be rectified 
(automatically) by the division by (its) mean daily 
motion. The defect due to (using) the composite 
Parallax (in the rule of three) is remedied by (the division 
with) the whole daily motion of the Moon. (33) 

The latitude at the Nonagesimal is added to the Zenith 
distance of the Nonagesimal by some (to get its value on 
the orbit of the Moon). By others, the latitude of the 
Moon (is similarly added). And, by still others, the 
latitude and longitude relating to the Parallax in 
latitude ( ?), (respectively, are added). (34) 
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Or, the Drkksepajyd divided by 863 and multiplied by 
the difference between the true daily motions of the Sun 
and the Moon and divided by 60 is the true Parallax in 
latitude. (35) 

The Lambana(-nddikds) should be subtracted from the 
time of Parvdnta (end of the new moon or the time of 
conjunction of the Sun and the Moon) if it occurs in the 
forenoon, and added if it occurs in the afternoon, since 
the Moon is (always) depressed from the Sun. (36) 

Where the Lambana is calculated to determine the 
time of (apparent) conjunction of the Sun and the Moon, 
it is to be additive when the Moon is to the west of the 
Sun, and subtr active otherwise. (37) 

The terms 'forenoon' and 'afternoon' are meant here 
as stating the positions of the Sun to the east and the 
west as (reckoned) from the Nonagesimal. (38) 

The Lambana to be calculated for the time of the 
conjunction corrected for parallax too should be applied 
(only) to the time of true conjunction and (continued 
to be done so) as said (here) till there is no difference 
(between two successive results) . (39) 

Only that Lambana made difference-less (by successive 
approximation) is said to be the True Lambana, (and not 
the Lambana for the time of True conjunction), for, at 
the time of the (first) Lambana itself there might be a 
Lambana for the planet. (40) . (KVS) 

22. 7. 8. TWW^I^Mfi: I 

^#gf^^^s3^rnft^ft^ f? ii v<i ii 

q^qpTT^J 7 TT fc?> ^^TpT II *3 II 

to5RT#T^T m$, cm ^T^rfcT: II YV I i 
. 3 fipR^ffr FT9R^T ^ST^cTT cFTt: I 

flH't.iW^ ¥TTTfTS$ *TFTC f^TSft: farfir: I 

^ ^ U 

(Para., Grahana-nydya., 41-48) 



Computation of the Eclipse 

The Mid-eclipse of the Sun occurs at conjunction 
corrected for Parallax, for, it is then that the lines 
connecting the centres of the Sun and the Moon (to the 
observer's eye) coincide. (41) 

The latitude of the Moon (to be made use of) in the 
solar eclipse is its latitude at the time of Mid-eclipse with 
the parallax in latitude at that moment added to it 
when (the two are) in the same direction, and subtracted 
from it otherwise. (42) 

The (composite) parallax of the Moon is (determined) 
from its position at the end of its latitude and the parallax 
in latitude from there. Therefore the direction of the 
Madhyajyd (Sine Madhyalagna, ZM) is also (the direction) 
of the Drkksepa and of the parallax in latitude {i.e., the 
latitudinal component). (43) 

As the displacement of the threads suspended from the 
rings of a bamboo follows the displacement of the 
bamboo top, like that the parallax in latitude follows 
the Drkksepa. (44) 

When the (eclipsing and the eclipsed) orbs just come 
into contact, then the distance of their centres is the 
sum of their semi-diameters. And, hence, the contact- 
circle (Samparka-mandala) is drawn with this sum as its 
radius. (45) 

As long as (the centre of) the Moon is within the 
contact-circle with the Sun as centre, so long is the Sun 
eclipsed. In the lunar eclipse the true time of the 
Moon's passage (from the point of first contact to the 
point of last contact) is the duration of the eclipse. (46) 

The Sun is to be assumed always 1 at the centre of the 
contact-circle. As for the Moon, at Mid-eclipse it is at a 
distance (from the centre) equal to its latitude at the 
middle. At first and last contacts (the Moon) is on the 
circumference (in either of the two cases of contact- 
circles). (47) 

(The angular) distance moved by the Moon during 
an eclipse east or west of the Sun, is the square root of 
the difference of the square of the radius of the contact- 
circle and the square of the latitude at Mid-eclipse 
(mentioned in 47). (48). (KVS) 

22. 7. 9. 3TTRT f| ftqfiresT fasfT:, *|fir: I 

*FWFtfe: mtstft, ^ ^W^TT \ I Y£ 1 1 

1 Thus, even in the lunar eclipse, the Moon may, with advantage, 
be taken to be at the centre of the Shadow, 
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VT?m$ 5^T: smaf q^T II II 

re f^fw 5 f^rsr Fi^f i 
'fterif ^ cr«rr fe^ro Tftem?r<T: 1 1 X* 1 1 
(Para., Grahana-nyaya. > 49-54) 

At mid-eclipse the Moon is (north or south) at a 
distance of the latitude. The (angular) distance moved 
is east-west. Therefore the latitude is the perpendicular 
relating to the hypotenuse formed by the radius of the 
contact-circle, and the (angular) distance moved is the 
base. (49) 

The (angular) distance moved multiplied by sixty and 
divided by the difference of the daily motions (of the Sun 
and the Moon) gives the half duration (in nddikds). This 
(angular distance) itself is (to be used) for the lunaf 
(eclipse). For the solar (eclipse), this, corredted by the 
parallax in longitude relating to itself, (is to be 
used). (50) 

The time of corrected new moon, less the half-dura- 
tion (found by 50) is called £ Time of first contact 
resulting from mid-eclipse' (Madhyaja-sparsaja) . For 
this time, the parallax in between is again to be 
calculated. (51) 

The difference between the parallaxes of the middle 
of the eclipse and the first contact should be added to the 
half-duration. This is called the First-contact-half- 
duration. (52) 

Using this, the time of the first contact should be 
done, using which the parallax at this first contact is 
(again) to be found. Again, the difference of the paral- 
laxes is to be found, and added to the original half- 
duration. (53) 

The half-duration found by successive approximation, 
by repeating this work, is the True half-duration. In 
the same manner, the half-duration pertaining to the 
last contact (i.e., the second half-duration) is to be 
found. (54). (KVS) 

22. 7. 10. * WWfl<i*«M*f l: ^I^Rr SFT <m I 

3F^ffcff*T: S^T : f^Stw II XX II 

*M^M<Ml^MH\ fira?tjRr: ii x& n 



srn? , ^[^^fofroKwa: m&i fNM^nr i i it* 

^T#,S?$ fa^ETOT*ffe*ft sTT^ft% eft II K£ II 

fGjfTOM ^ *M +4» u ! $ c*fl4<* *x\ <H I 

=5T g^nft: II II 

ifilW f| drWwRwig^faF=M+i: II II 

£wtwr ^rfefWr 3T, ^Tffr^nr i 
nftrasr % sc^ff ffcT^rPr n %r ii 

(Para, Grahana~nyaya., 55^63) 
Eclipse at a desired time 

If, of the parallax pertaining to the mid-eclipse and 
that to the desired time, one is subtractive and the other 
additive, the sum (not the difference) of the two paral- 
laxes is to be added to the half-duration, (to find its 
correct value). (55) 

Verily, the difference between the parallaxes of two 
moments of time is the parallax resulting during the 
interval, and, therefore, if (the parallaxes are) different 
(in sign) they should be added. (56) 

At sunrise the Moon is displaced eastward from the 
Sun, and, at sunset (it is displaced) westward, owing to 
parallax. Therefore, the (relative) motion is (always) 
lessened by parallax. And, hence, the duration of the 
eclipse is increased. (57) 

Whatever parallax there is during the half-duration, 
during the time corresponding to this also there will be a 
change in parallax. Therefore the half-duration has to 
be determined by successive approximation. (58) 

Some (say) that the (angular) distance moved should 
be found by using the corrected latitudes of the respec- 
tive times (alone). Others, (however, say) that the 
two, viz., the latitudes of mid-eclipse and the desired 
time should be used (to get these). (59) 

Experts in the science have stated : Take the difference 
between the square of the latitude at the time taken and 
the square of the sum of the semi-diameters. If this 
latitude and the latitude at mid-eclipse are of the same 
direction, add the square of their difference; if of 
different direction, add the square of their sum. The 
square root of this is the corrected (angular) distance 
of half-duration. (60-61) 
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(Of the triangle giving this corrected angular distance 
of half duration), the difference or sum of the latitudes 
(mentioned in 60-61) is the perpendicular, the (angular) 
distance got (in 48 as a first approximation) is the base 
and the corrected (angular) distance (of half-duration) 
is the hypotenuse. (62) 

Since there is no parallax for the lunar eclipse, the 
half-duration got from the (angular) distance (got in 
60-61) is the correct (half duration), the mid-eclipse is 
at opposition and the true latitude of the Moon itself 
is the (corrected) latitude. (63). (KVS) 

22. 7. 11. f4Kj 4 dlfH^[?r^q^sgfqF] mfm* I 

(Para., Grahana-nyaya, 64) 

Total Eclipse 

The circle of total (lunar) eclipse is drawn with the 
semi-diameter of the Shadow minus that of the Moon 
(as radius). Here also, the (angular) distance of half 
total phase and the time thereof are to be found as 
before. (64). (KVS) 

22. 7. 12. ^raVw^iIn^t! q^rr fa^Aifeprr i 

srrsf ^pf, sfN" sFT^fr, qr^TTj ^ftm^ 1 1 \ x 

[d4«l[d4 TTcTR <i<4l*|ii^dY9cr: It ^ II 
3frffeR37T^ ffcsf (d4^ld^^^il^: I 

^ ^ronf s*rrc f^RW^ts^qT m ^ 1 1 

[^J^cWWf f^n^:.M<HIM*i: I 

3rM srsrc, fez 5 tafTs^T^H^d ii ^e. II 
^mwt Jfrret fir wit, m^m^^s^r i 

Ri4^iRiJ| r«(HHi ^ffcrnrt h^him^ : i 

f^W^jf^T^, JT^T: ^RTTcRf: II \3<\ II 

(Para:, Grahana-nydya., 65-71) 

Deviation in Direction 

i. Deviation due to Latitude of place 

The (tabular) sine of latitude multiplied by the 
(tabular) versine of (the hour-angle got from) the time 



before or after midday and divided by Trijyd (i.e., by 
3438) gives the deviation due to the latitude of the place ; 
this is northward in the forenoon and southward in the 
afternoon. (65) 

If the time is more than 15 (nddikds) it should be 
deducted from 30 (nddikds) and the remainder taken 
as the correct time to be taken, because at the nadir 
and its neighbourhood there is no jnorth-south devia- 
tion. (66) 

The versine is to be used because near the horizon 
the change of deviation is a maximum. At rising, the 
orb is turned northward, and at setting (it is turned) 
in the opposite direction ; (and, this is the reason for the 
northward or southward deviation). (67) 

The orb is on its diurnal circle, and, at rising, the 
sine of three rafts (i.e, Trijyd) is the hypotenuse, and the 
sine of the latitude gives the deviation. Therefore the 
deviation cannot be proportionate (to the sine of the 
hour-angle). 1 (68) 

ii. Deviation due to the Moon's course 

The maximum declination, multiplied by the versine 
of the Moon's koti and divided by Trijyd, gives the devia- 
tion due to the Moon's course. Here, the direction is 
always the direction of the course : (69) 

For the planet is in its northward course (when in the 
six Signs) from Capricorn, and in its southward course, 
otherwise. The (maximum) deviation is when (it is) at 
the ends of the (southern and northern) hemispheres, 
(i.e., at the first points of Aries and Libra). The versine 
is used sine the maximum variation is at these 
point. 2 (70) 

At the ends of the hemispheres (i.e., at the first points 
of Aries and Libra) the deviation in the direction of the 
orb is equal to the maximum declination. But the 
hypotenuse is equal to Trijya at the ends of the 
courses, (i.e at the beginning of Cancer and of Cap- 
ricorn). Therefore the deviation cannot be propor- 
tionate (to the sine). (71). 

Hi. Total deviation 

Find the two arcs of deviation and add them together 
or take their difference respectively, according as they 
are of the same or different directions. Find the sine, 
multiply it by the diameter of the Moon or the Sun 
(as the case may be) and divide by Trijya. This gives 
the Total deviation. (72) . (KVS) 



1 The reasoning in 67-68 is shown to be wrong by Bhaskaracarya 
II {tide his SiddhdntaHromani, Gola., Grahanavdsand, 36 ff. 

8 Here too the use of the versine is wrong as shown by 
BhSskaracarya, ibid. 
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22. 7. 13. grM^usSi iii^^m fe^rf^ i 

fatfl«4w\ ill$+c*IK iN^Kfa itfld^fl: 11^11 
#TRn^M<ldl ^TRT ^S^tJT^t | 

s^MStftofTTO ^Tft" OTspflftsffir: II \35. II 
(Para., Grahana-nydya, 73-79) 
Graphical representation of the Eclipse 

Draw the contact-circle and draw the eclipsed body 
concentric with it. Mark the four cardinal directions. 
On the east, from the point marking the deviation, lies 
the east point (with reference to the ecliptic). (Mark 
this on the contact-circle). The other directions are 
(also to be drawn) in relation to this. (73) 

The point of mid-eclipse lies on the north -south line, 
at a distance equal to the latitude at mid-eclipse. Mark 
off the latitudes pertaining to the first and last contacts, 
measuring them from the centre, on the north-south 
line. (74). 

On the eastern and western sides, the points of the 
first and last contacts are to be marked on the contact- 
circle, at a distance (from the east-west line) equal to 
their respective latitudes. (75) 

In the case of the Sun, the western is the point of first 
contact, and the eastern, the point of last contact, 
while for the Moon, it is the reverse, since the Moon 
is the eclipser and the eclipsed, (repectively in the two 
cases). (76) 

In representing the lunar eclipse graphically, the point 
(of first contact etc.) should be taken in the direction 
opposite to the latitude, because the Shadow-circle is 
drawn (with its centre) at a distance equal to the latitude 
from the Moon (taking it as drawn first). (77) 

When the eclipsing body is drawn (respectively) 
at mid-eclipse, first point and last point, the quantity of 
eclipse is seen in (the form of the cut-off portion of) 



the eclipsed body itself. At other parts, (the quantity 
depends) on the path of the eclipser. (78) 

As for the path of the eclipser, it is the arc of the 
circle passing through the three points. At any desired 
time the eclipser is on this path at the corresponding 
point. (79) (KVS) 

22. 7. 14. 3i^rf-^nf^FT5[5^] ss#sfcr ifffajft: 1 
fort: ^ l^i^ i ^ r^W^ : 1 1 

(Para., Grahana-nydya, 80) 
Eclipses not to be predicted 

When (only) an eighth part of the Sun or a sixteenth 
part of the Moon is hidden, their eclipses will not be 
(distinctly) visible, on account, in the case of the Sun, of 
its brilliance, and in the case of the Moon on account 
of its being illuminated by the neighbouring rays of 
the Sun. (Therefore these eclipses should not be 
predicted.) (80) (KVS) 

22. 7. 15. fwr srftten^pf ^# HPR^WT: 1 

S^FcTT SPT^f FTTrf ^WT^I II 5<1 II 

WfeWRt fcwt '<lpj|*fHc r: I 

^ c ™^ *§fir: sr^Rtw croft- ^ 1 

Wm: ^TR (?) 11 t;^ Li 

(Para., Grakana-nydya, 81-84) 

Correction of the predicted time for Reduction 
to the Equator 

Take the minutes of arc of Right Acension of the 
Sdyana Sun, as also the minutes (of its longitude) on 
the ecliptic. The difference between them), taken 
always as prdna-s) (i.e., sixths, or vinddis), is to be added 
to or subtracted from the predicted time according as 
the minutes of longitude are greater or less. (81) 

Since the increment in the longitude of the Sun, 
during its daily revolution, is mean, less, or more,' 
according to the ascensional difference, the corrections 
also are according to these differences. (82) 

Though this correction has not been mentioned by 
many, it should be done by astronomers. (83) 

There is another method (for computing the solar 
eclipse) without finding the parallax at new moon etc. 
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This has been explained (by me) in the Siddhantadipikdy 1 
as given by (Madhava) 'the Golavid ' (lit. 'expert in 
spherics'). 2 (84) (KVS) 

22. 8. 1. f cH*<*<^<t <ffld<Pw- 

Tf^rf^r^: srr^rmmr^ ^ fajp=^ : ii^ii 

tWERT^ Tfi^cf SdRnftM^TwrT: HUH 

wmywRkKd Ptf^t: ii vo ii 
erst Pi^jdHl^ ; *3^*f *rtcT iorii 

(Lalla, SiDhVr., 16. 37-42) 

Rationale for the Brightness of the Moon 

Oh friend (anga)\ just as a pot placed in the Sun ap- 
pears bright on the side facing the Sun and dark on the 
side away from it on account of its own shadow, the Moon 
in contact with the rays of the Sun appears bright on 
the side facing the Sun, white as a woman angry with 
her lover, and dark on the side away from it. (37) 

At the end of a lunar month (amdvdsyd) the (lower) 
half of the disc of the Moon visible to the people (of 
this Earth) is completely dark, but at the end of the 
first fortnight {purnimd), it is completely white. 

Since the Moon approaches the Sun in the dark half of 
the lunar month, its dark portion gradually increases; 
in the light half of the month, however, the Moon 



iThe Siddhantadipika is the author's sub-commentary on the 
Bha$ya of Govindasvatnin on the Mahabhaskariya of Bhaskara I (Ed. 
TVS. Kuppanna Sastri, Madras, 1957). The method referred to 
is given on pp. 314-17. of this edition, on Mbh. 5. 68-71. 

8 'Golavid' Madhava is one of the teachers of Faramesvara on 
astronomy, and author of SphutacandrapH, (ed. K. V. Sarma, 
Vishveshvaranand Institute), and other works. 



recedes from the Sun and so its illuminated portion 
gradually increases. (38) 

Just as the Sun's rays reflected by a mirror dispel 
the darkness in a room, the Sun's rays reflected by the 
Moon dispel the blinding darkness of the night caused 
on the Earth. (39) 

All the spheres of planets, together with the stars 
including the sphere of Earth, are like the Moon, bright 
on the side facing the Sun and dark on the side away 
from it. (40) 

That half of the disc of every planet or star havh g 
its orbit above that of the Sun, which is visible to the 
people (of the Earth), is always seen illuminated by the 
rays of the Sun . Hence it is never dark. (41) 

Venus and Mercury though (moving in orbits) 
beneath (that of the Sun, do not appear dark like the 
Moon ; this is so because they are nearer the Sun and 
thus their whole discs are illuminated. (42). (BG) 

22. 9. l. ^*rfer snrft ct*ft ^tfcPT^t r^n?: i 

TTRlft TOW II ^X. II 

^M^rdHH% CRT II Y\9 II 

(Lalla, SiDhVr., 16. 43-47) 

Visibility of the planetary orbs 

The interval between the lagna and the rising or the 
setting Moon is the bhuja and that from its end directed 
towards the Moon is the perpendicular or koti. (43) 

Man (on the Earth) sees the Sun having hot rays, 
difficult to look at and as small in size (in the zenith of 
the sky) where the whole disc is fringed on all sides with 
innumerable rays. (44) 
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When the Sun is in the middle of the sky, it appears 
small (covered with rays) just like the pericarp of a 
lotus covered with filaments. Again, when it is in 
the middle of the sky, its rays pervade through the 
entire space. Thus man sees the Sun, the Lord of the 
day, surrounded by its rays. (45-46a) 

But when it (the Sun) is on the horizon, it is at a 
distance and its rays are obstructed by the earth. But 
it can seen without discomfort, and looks big, red and 
and less hot. (46b-47a) 

Since (the Moon and the five planets) move in their 
respective orbits, (which deviate from that of the Sun), 
their declinations have to be corrected by their latitudes. 
(47b). (BC) 

c 

22. 10. 1. S^T ^TOf^ 

<rw% vrfiraT ftf^r 

•T *pfMM*iW: II ^3 1 1 
j^+HMH^if ^PT II II 

t w*nsn^ u r\ n 

*TT S^HfafaklHW 1 1 ^ 1 1 

(Lalla, StDhVf.y 16. 23-27) 

Visibility correction 

While an observer at the centre of the Earth can see 
the Sun obscured by the Moon at the time of conjunc- 
tion, an observer on the surface of the Earth does not 
see it as such. (23) 

The observer on the surface of the Earth sees the disc 
of the Sun obscured by the Moon even before (the 
calculated time for conjunction) , as he is elevated above 
the centre. (This is so, if the Sun is) in the eastern 
hemisphere. 



But if the Sun is in the western hemisphere, he sees it 
after the calculated time, when the Sun has set, that is, 
has disappeared below the horizon. 

So, the parallax in longitude due to the radius of the 
Earth is subtracted (from the calculated time of conjunc- 
tion) if the eclipse takes place in the eastern hemisphere ; 
but added if it takes place in the western hemisphere. 
(24-25) 

The line joining the observer at the centre of the Earth 
and the zenith coincides with the line joining the obser- 
ver on the surface of the Earth to the zenith. Thus, there 
is no parallax at midday (when the Sun is at the 
zenith). (26) 

Whatever reasoning has been given (by the astrono- 
mers) for the parallax in longitude in minutes due to the 
eastern and western horizons, similar reasoning is to be 
understood for the parallax in latitude in minutes due 
to the northern and southern horizons. (27): (BG) 

c 

22. io. 2. aiiiMifeiifHf; srfe^nr m 

#^ ^^rfNqfa^m II Vc; u 

(Lalla, SiDhVr., 16. 48-49) 

Correction to visibility correction 

The wise men have laid down the rule that to a planet, 
both on the eastern and western horizons, visibility 
correction due to deviation of the ecliptic or dyanadrkkar- 
mdsu and visibility correction due to the terrestrial 
latitude or dksadrkkarmdsu should be applied. The 
reason is somewhat similar to that for the application of 
ascensional difference. (48). 

When the latitudes (of two planets) are equal in 
magnitude and direction, the planets have the same 
day-circle. But when one planet has a latitude smaller 
than that of the other planet, it appears in a direction 
opposite to that of the latitude (with regard to the centre 
of the other planet) even if the latitudes are of the same 
denomination. (49). (BG) 

22. 11. 1. q<? Tlftl^f; cRT ^3[\^tit *RmRt || <\ || 

affair otifdciig ffir f^rfir: i 

(Bhaskara I, LBh., 9 lb-2a) 
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Sine and cosine 

(In a circle), three Signs make a quadrant. In the 
odd quadrants, the arc traversed is called bhujd (or 
bahu) and that to be traversed is called koti; in the even 
quadrants, the two are, respectively, called the koti and 
bahu (or bhujd). This is the convention. (lb-2a). (KVS) 

22. 12. L ^^fT^fdnqr^ fe^srra fa^i^w^ i 

(Aryabhata I, ABh., 2.1 1) 

R sine table (geometrically) 

Divide the quadrant of the circumference of a circle 
(into as many parts as desired). Then, from (right) 
triangles and quadrilaterals, one can find as may R sines 
of equal arcs as one likes, for any given angle (and thus 
prepare the R sine table). 1 (11). (KSS) 

Demonstration 

Find twelve R sines at intervals of 7° 30' in the circle 
of radius R (=3438'). 

A Q D 



1 




/ M 


/ / >< \ c 
// \ 


r o 





Let the fig. represent a circle of radius R (3438'). 
Divide the quadrant into two at T (45°) each ; Trisect 
TA into TB, BR, RA (15° each), RA into two (RQ,, QA, 
1\ degrees each). Mark off AL (30°). Join LB. 
This is equal to R and denotes chord 60°. Half of this 
is R sin 30°. Thus, 

Rsin 3Q° = R/2=1719'. 



1 Cf. sections 7.18 and 19 above. The construction of the table 
envisaged might be illustrated as given under * Demonstration 1 
following the instructions given in the Bhasya of Bhaskara I on this 
verse (cf. edn., pp. 77-83). 



This is the fourth Rsine, in the 7J° table to be 
computed. 

Now, from the right-angled triangle OMB, 

OM= V R2— (R/2) 2 = ^~ R - 2978'. 

This is R sin 60°, i.e., the eighth R sine. 

Now, from the right-angled triangle AMB, 
AB=V(Rsm 30°) 2 +((Rvers-30°) 2 

= V(1 719') 2 + (460') 2 - 1 780' . 
This is chord 30°. Half of this, i.e., AN, is Rsin 15°. 

Thus, Rsin 15° -890'. 
This is the second Rsine. 

Now from the right-angled triangle ANO 

ON= V (AO) 2 + (AN) 2 - V R 2 — (Rsin 15°) 2 - 332 1 ' . 
This is Rsin 75°, i.e., the tenth Rsine. 

Now, from the right-angled triangle ANR, where R 
is the mid-point of the arc AB, we have 

AR=V(AN) 2 +7NR) 2 =V7Rsin 15°) 2 +(Rvers 15 V 



= V(890') 2 +(117 / ) 2 -898'. 
This is chord 15°. Half of this {i.e., AS) is Rsin 7° 30'. 

Thus, Rsin 7° 30'- 449'. 
This is the first Rsine. 

Now, from the right-angled triangle ASO, 
OS= VR2„ (Rsin 7 ° 3 ')2_ 3409 < . 

This is Rsin (82° 30'), i.e., the eleventh Rsine. 
Now, Rvers 75°=R— Rsin 15°, so that 
chord 75°=V(Rsi n 75°) 2 + (Rvers 75°) 2 =4186\ 

Half of this is Rsin 37° 30'. This is the fifth Rsine. 



Now, Rsin 52° 30'= \/R 2 -(Rsm 37° 30') 2 -2728'. 
This is the seventh Rsine, 

Thus, seven Rsines have been obtained by using 
triangles. 

Now, we make use of the semisquare AOD. Its side 
OA and OD are each equal to R. Therefore, 

AD =A /2 R=4862'. 
This is chord 90°. Half of this, i.e., AP, is Rsin 45*. 
Thus, Rsin 45°=- 2431'. This is the sixth Rsine. 

Now, from the right-angled triangle APT, 
AT=v / (Rsin 45°) 2 ^ (Rvers 45°) 2 =2630'. 
This is chord 45°. Half of this is Rsin 22° 30'. This 
is the third Rsine. 
Hence, as before, 

Rsin 67° 30'= v /R2_( Rsin 22° 30') 3 =3177\ 
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This is the ninth Rsine. 

Thus, we get all the twelve Rsines, which might be 
set out as follows : 



Rsin 7° 30' =449' 
Rsin 15°=890' 
Rsin 22° 30=1315' 
Rsin 30°= 1719' 



Rsin 37° 30'=2093' 
Rsin 45°=2431' 
Rsin 52° 30'=2728' 
Rsin 60° = 2978' 



Rsin 67° 30'=3177' 
Rsin 75°=3321' 
Rsin 82° 30' = 3409' 
Rsin 90°=3438' 

Analysis. Stanza ABh. 9 (c-d) gives the fourth Rsine. 
This fourth Rsine yields the eighth and the second Rsines. 
The eighth Rsine does not yield any new Rsine. The 
second Rsine yields the tenth and the first Rsines. The 
first Rsine yields the eleventh Rsine, and the tenth 
Rsine yields the fifth and the seventh Rsines. These 
Rsines do not yield any new Rsines. So this process 
ends here. 

Again, the radius is the twelfth Rsine. This yields 
the sixth Rsine, and the sixth Rsine yields the third and 
the ninth Rsines. These do not yield any further 
Rsines. So the process ends here. 

Thus, from the fourth and the twelfth Rsines one gets 
all the twleve desired Rsines.. (KSS) 

22. 13. 1. 'firfV Wtfm 

(Lalla, SiDhVr., 2. 14) 

True Sun and Moon 

Multiply the R sines of the mean anomalies (of the 
Sun and the Moon) by 3 and 7, respectively, and divide 
each by 80. The results (called mandaphala or correc- 
tions to be applied to the mean longitudes) are in 
minutes. Add or subtract the results (to or from the 
mean longitudes of the Sun and Moon) according as 
their mean anomalies are within the six Signs beginning 
from Libra or within the six Signs beginning from Aries 
(i.e. , greater or less than 1 80°) . Thus are obtained their 
longitudes. (14). (BG) 

Diagrammatic rationale 

Here is given the formulae for determining the true 
longitudes of the Sun and the Moon. This can be 



achieved either by the epicyclic method or by the 
eccentric method. 

Epicyclic method 

First the epicyclic method or nicoccavrttabhangi. 
According to this method, the body is supposed to 
describe, with uniform motion, the circumference of a 
circle called nicoccavrtta or epicycle, the centre of which is 
supposed to move along the kaksdvrtta or deferent or 
circular orbit of the body, with a motion equal to the 
mean motion of the body, but in a reverse direction. 
The time the body takes to make one revolution about 
the centre of the epicycle is the same as the time the 
epicycle takes to revolve once round the orbit. 

This method is illustrated below: 




Let ABPG be the deferent of the Sun, with centre E, 
the centre of Earth. Let AEPbe the apse line. With 
centre A and radius equal to manddntyaphalayjd or radius 
of the Sun's epicycle describe a circle. Let the 
apse line cut it at U and N, which are the mandocca 
or apogee and mandanica or perigee of the Sun on the 
epicycle, respectively. When the centre of the epicycle 
is at A, the Sun is at U. Let A move with the mean 
motion of the Sun up to A' along the orbit and let the 
Sun move from U' to S along the epicycle so that arc 
U'S=arc A'A. Join SE cutting the orbit at S'. Then 
A' is the madhyamasurya or mean place of the Sun and S' 
is the sphutasiirya or true place of the Sun in the orbit. 
Thus the correction to be given to the mean longitude of 
the Sun to get its true longitude is the value of the arc 
A'S'. This value is vailed mandaphala or equation of 
the centre of the Sun and the process is called mandakarma. 
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Now to find the arc A'S'. Join SA'. Draw SK and 
A'M perpendiculars to U'A'E and UAE, respectively. 

The angle A'EA, that is the angle between the apogee 
A and the mean Sun A', is called mandakendra or mean 
anomaly. 

A'M is the mandakendrajya or R sine mean anomaly. 
Now, since arc U'S-arc A' A, angle U'A'S-angle 
A'EA. So, SA' is parallel to AE. 

Then, from the similar triangles SA'K and A' EM, 

A'MxSA' 
SK= A'ET 

R sin mean anomaly X radius of epicycle 

R sin mean anomal y X circumference of epicycle 
= " 360 

R sin mean anomaly X 13-J 
= 360 

R sin mean anomaly x 3 : 
= 80 , (1) 

3 is called gunaka (multiplier). SR is dobphala. 

The arc corresponding to (1) as R sine is approxi- 
mately taken to be the value of arc A'S' or mandaphala; 
which is 

R sin mean anomaly x 3 



The method is illustrated below. 



80 



minutes, nearly, 



from 225 : 225' : 



R sin mean anomaly x 3 
80 



The mandaphala is subtracted from the Sun's mean 
longitude if its mean place is in advance of its true place, 
that is, when the mean anomaly is in the first or second 
quadrant ; and added, if its true place is in advance of 
its mean place, that is, in the third or fourth quadrant. 

SE is called mandakarna or manda hypotenuse. 

Eccentric method 

The second method is called prativrttabhangi or method 
of concentric and eccentric. This method supposes 
that the mean Sun or Moon moves with a uniform 
velocity along its circular orbit or concentric and the 
true Sun moves with the same velocity and in the same 
direction along the circumference of an equal circle 
called prativrtta or eccentric, the centre of which is 
situated on the line joining the apogee to the centre of the 
Earth, at a distance equal to manddntyaphalajyd or radius 
of the epicycle of the body, from the latter point. 
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Let ABPG be the Sun's circular orbit or concentric 
with centre E, the centre of the Earth. Let APbe the 
apse line, so that A is the apogee and P the perigee on 
the orbit. Let GE be equal to the radius of the Sun's 
epicycle. With G as centre, describe a circle equal to the 
orbit. This is the mandaprativrtta or eccentric. Let AP 
cut it at A' and P', which are, respectively the apogee 
and perigee on the eccentric. Let the mean Sun and 
true Sun start from A and A', respectively, and move 
along the concentric and the eccentric with the same 
velocity and in the same direction. Let their new 
places be M and S. Join SE cutting the concentric 
at S\ Then M is the mean Sun and S' is the true Sun. 
So the correction to be given to the mean longitude of the 
Sun to get its true longitude is the value of the arc MS', 
which is the mandaphala. 

Now to find this value. Join GS and EM. Draw 
SH perpendicular to EM produced. Join SM and 
produce it to meet BG at K. Draw SL perpendicular 
to AT. 

Now, since arc A'S^arc AM, angle A'GS=angle 
AEM. So GS is parallel to EM and GS is also equal to 
EM. Thus, SM is parallel and equal to GE or radius 
of the epicycle. 

Now, angle A'GS=angle AEM, the angle between 
the apogee and the mean Sun or mean anomaly. 
Therefore SL=EK— R sin mean anomaly. 
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Now, from similar triangles SHM and EKM, 
KExSM 



EM 

R sine mean anomaly x radius of epicycle 

R sine mean anomaly x circumfrence of epicycle 

— 360 

R sine mean anomaly x 13J 



360 

R sine mean anomaly x 3 



80 

Hence the value of the mandaphala, which is the same 
as before. 

Thus both methods give the same result. 

The same methods are followed to find the true 
longitude of the Moon. 

This mandaphala is the arc corresponding to 

R sine mean anomaly x 31 J 



or to 



or to 



360 

R sine mean anomaly x 7 
80 



as R sine, 



as R sine, 



R sine mean anomaly x 7 minutes, nearly 



7 is called gunaka. 

As has already been pointed ourt, Lalla follows Arya- 
bhata when he takes the circumferences of the epicycles 
of the Sun and Moon as 13J and 31 J, respectively. 
Again, following him he gives the circumferences 
divided by 4^, 

Even from the time of Bhaskara I, if not earlier, the 
Indian astronomers were aware of the fact that the 
circumferences of the epicycles of the Sun, Moon and 
the planets as tabulated, are their mean circumferences 
and so the true positions calculated from these are not 
really the true positions. They, therefore, prescribed 
the method of successive approximations to obtain 
more correct results. 

Lalla gives the method for the Sun and Moon (ch. 3 
17), which is as follows. 

Consider the diagram above for the epicyelic method. 
SK or dohphala is already obtained. From the same 
similar triangles, KA' or kotiphala 

R cos mean anomaly x 3 
= ~80 
the Sun. 

Then, KE=KA'-f-R is known, and hence 



ES-VSK 2 +GE 2 

—mandakarna or manda hypotenuse. 
3 x ES 

Then — gives the more correct gunaka or circunv 

ference of the epicycle. Hence the dohphala 3 kotiphala and 
karna should again be calculated. Then again the 
gunaka. The process should be repeated till the karna 
or the distance of the Sun is fixed and hence the correct 
epicycle. 

Similarly, for the Moon, by using 7 as the gunaka i the 
correct distance will be found. 

The same procedure should be followed in the case of 
concentric and eccentirc methods. (BC) 

22. 14. 1. jap flunw T^fcnt^T^fcf 

5FTRT TO Jfl^P £Tfe£ linn 

(Lalla, SiDhVr., % 15) 
True motion of Sun and the Moon 

Divide the bhogyakhanda of the Sun by 101 and multiply 
that of the Moon by 10 and divide by 33. (The results, 
called mandagatiphalas or corrections to be applied to 
the mean motions) should be applied to their respective 
mean motions negatively if the respective mean anomalies 
are within six Signs beginning with Capricorn, and posi- 
tively if they are within six Signs beginning with Cancer ; 
(i.e., negatively, positively, positively or negatively, 
according as their mean anomalies are . in the first, 
second, third or fourth quadrant.) Thus are obtained 
their true motion. (15) 
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In the figure, let O be the centre of the Sun's eccentric 
circle. Let the arc AB denote the Sun's mandakendra 
or mean anomaly for any day, and the arc AG that for 
the next day. Then the arc BG is the motion of the 
mean anomaly in 1 day or mandakendragati. Measure off 
arc BD— 225' . Draw BE, GF and DG as perpendiculars 
to AO. Draw BL perpendicular to DG cutting GF 
in K. Now BE is R sine of the arc AB and GF that 
of arc AG. Thus GK is their difference. DL is called 
bhogyakhanda by Lalla. 

Now, from the proportion, arc BD: DL— arc BG: GK 

GK- arc BCxDL 
arc BD 

motion of anomaly x bhogyakhanda 
= 225 

From above, the Sun's mandaphala on any day 

R sine mean anomaly on that day x 3 

80 

and its mandaphala on the next day 

_ R sine mean anomaly on the next day X 3 

_ _ 

Thus, the difference between the mandaphalas on two 
consecutive days or mandaphala or correction to be 
given to the mean motion 

(R sine mean anomaly for one dayr^R sine 
mean anomaly for the next day) 
* X GK 



22. 15. 1. 



80 



= 3 . 



motion of anomaly x bhogyakhanda 
225 



— ^ bho&^hftyfa x (Sm^'s motion — motion of 
F 225 

its apogee) 
8 bhogyakhanda x Sun's motion 
-w X ^25 

(since Sun's apogee is supposed to have no motion) 

o bhogyakhanda 
= tfr X x 59' 8' 



225 
bhogyakhanda 



101 



minutes, nearly. 



Similarly, the Moon's mandagatiphala 

= A X bh °Sy akha ^ x (790' 35"-6' 41") / 

225 

= |f X bhogyakhanda minutes, nearly. 

The mandagatiphalsa added to or subtracted from 
the mean motion of the Sun or Moon, gives its true 
motion subtracted when the mean anomaly is in first 
fourth quadrant; otherwise it is added. (BG) 



f ^<^<ife *re fi^? n v. ii 

^TTfff^f ^^TJl^T^ft II % II 
*ft$3T 3T *!*Rft f^tJtcf w^r; I 

srnw F$?t werftr ^f^nrm; tt?: *f: ii * it 

(Lalla, SiDhVr., 3. 4-8) 



Computation of true planets 

Subtract the longitude in degrees of the apogee of 
a planet from, its mean longitude. (The remainder is 
the mean anomaly.) It should be reduced to the) 
first quadrant. Find its R sine and hence the doh- 
phala. Find corresponding arc, (which is the manda- 
phala). Add /or subtract half of it to or from the mean 
longitude of the planet, according as the mean 
anomaly is (greater or less than 180°). (The result is 
the longitude of the planet after the first correction) 
called anasta. (4) 

Subtract {anasta) from the longitude of the planet's 
Hghrocca. The remainder is called sighrakendra. Find 
its R sine and R cosine and hence the dohpala and 
kotiphala. Add or subtract the kotiphala to or from the 
radius, according as the sighrakendra is in the the first 
and the fourth or second and third quadrants. (The 
result is called sphutakoti). The hypotenuse or karna 
is the square root of the sum of the squares of the doh- 
phala and sphutakoti. (5) ■ 

Multiply the dohphala by the radius and divide by 
the hypotenuse. The arc corresponding to the result 
as R sine is called Hghraphala. Add or subtract half 
of the J ighraphala to or from the once-corrected longitude 
of the planet (anasta), according as the sighrakendra is 
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in the first and second quadrants or in the third and 
the fourth. (The result is the longitude of the planet 
after the second correction.) (6) 

From the twice-corrected longitude calculate the 
mandaphala as before and apply the whole of it to the 
mean longitude. (From the longitude of the planet thus 
corrected) calculate the sighraphala as before, and apply 
the whole of it to the (thrice-corrected longitude of) 
the planet. The result is the true longitude of the 
planet. (7) 

Or, (first calculate the sighraphala from the planet), 
and apply half of it to the longitude of the planet. 
Then (calculate the mandaphala from the corrected 
longitude) and apply half of it to the corrected longitude. 
Then, as before, calculate and apply the whole of 
the mandaphala and sighraphala. Thus corrected, the 
planet's true longitude is obtained. (8) 

Diagrammatic Rationale 

There above verses give the method to determine true 
longitude of planets. In the case of planets revolving 
round the Sun, two corrections are given: (1) manda* 
phala correction, and (2) sighraphala correction. The 
first is equaivalent to the zodiacal inequality, and 
the second to the solar inequality of Ptolemy. The 
sighraphala roughly represents the elongation in the 
case of an infereior planet and the annual parallax in 
the case of a superior planet. Both these corrections 
are calculated by the epicyclic or cecentric method. 

The epicyclic method. In the case of the Sun and 
the Moon, the tabulated epicycle are the same in the 
odd and even quadrants. In the case of the planets, 
both the manda epicycles and the sighra epicycle vary, 
and for every anomaly, manda or sighra, the variation 
is calculated and the correct epicycle or epicycle -r4J 
or sphutamandagunaka, as it is called, is obtained. 

The method of calculation of the mandaphala is the 
same as in the case of the Sun. From SiDhVr., 2. 14, 
R sin mean anomaly x sphutamandagunaka 
80 



dohphala = 



The mandaphala will therefore be the corresponding arc. 
As in the case of the Sun, this is added to or subtracted 
from the mean longitude of the planet. The corrected 
planet is called mandasphutagraha or mandaspastgraha or 
true mean planet. 

Now the second correction or sighra correction using 
this corrected planet. 
22 




Let GDFG be the deferent or kaksdvrtta of the planet, 
with centre, E, centre of the Earth. With centre G and 
radius equal to sighrantyaphalajya of radius of the sighra 
epicycle of the planet, describe a circle. This is the 
Hghranicoccavrtta. Let CEF cut it at U and N, which 
are respectively sighrocca or sighra apogee and sighranica 
or sighra perigee on the epicycle. Let G move with 
the velocity of the corrected planet or mandaspastagraha 
along the deferent and let the planet move from U' to M 
along sighranicoccavrtta so that arc U' M is equal to 
arc G'C. Join EM cutting the deferent at M'. Then 
G' is the mandaspastagraha and M' is true planet or sphufa- 
graha. So the correction to be given to the longitude 
of the true mean planet to find its true longitude is the 
value of arc C'M'. This value is clled sighraphala and 
the process is called sighrakarma. 

Now to find arc C'M'. Join MG'. Draw G'L, G'P 
and MQ, respectively perpendiculars to GE, EM and 
U'E. 

Now angle G'EG, which is the angle between sighrocca 
and mandaspastagrha, is sighrakendra or sighra anomaly. 

Therefore C'L is R sine sighra anomaly and EL is 
R cosine sighra anomaly. 

Now, since arc U'M= arc G'G, angle U'C'M=angle 
G'EC. So, triangles M'GA and C'EL are similar. 



So, MQ, 



C'L x MG' 
C'E 



R sine sighra anomaly x radius sighra epicycle 
_ 



22. 15. 1 



INDIAN ASTRONOMY— A SOURCE-BOOK 



306 



Rsin sight a anom aly X circumference oi Hghra epicycle 
= 350 

R sin Hghra anomaly xsphutaHghragunaka 
= ' 80 
= dohphala, ■ 

Again, from the same triangles, 

EL x MC 

C Q ~ 7 G E 

R cos Hghra anomaly x sphuiasighragunaka 
= _ — 

= koliphala. 
Now, EQ,, sphutakoti=C'E+GQ 
~K-\~kotiphala. 

In the first and fourth quadrants, sphutakoli is equal 
to the sum of R and kotiphala, but in the second and 
third quadrants it is equal to their difference. 

EM, Hghrakarna^ \/eQ?+ MQ 2 

or Hghra hypotenuse^ v / (C'E+ C'Q,) 2 -=MQ, 2 

Now, from similar triangles EC'P and EMQ, 

CP MQ, 

YC 7 = EM 

MQx EC dohphala X R 

C n pp'_ ^ i 

5 EM Hghra hypotenuse 

Arc CM', Hghraphala, is the arc corresponding to CP 
as R sine. The Hghraphala is added to the corrected 
longitude, when Ughrakendra is in the first and second 
quadrants, and subtracted when it is in the third and 
fourth quadrants. The Hghraphala can also be cal- 
culated in the same way by the eccentric method. 

As regards their application to the mean longitude 
of a planet, the first operation should be to apply the 
amount of the first inequality to the mean longitude, 
getting thereby, in the case of a superior planet, its 
heliocentric longitude, and in the "case of an inferior 
planet, the centre of its circular orbit; the second 
operation should be to apply the amount of the second 
inequality to the corrected mean longitude, which 
inequality is the annual parallax in the case of a superior 
planet and the elongation in the case of an inferior 
planet. 

But Indian astronomers have given various methods of 
application, perhaps to synchronize calculation with 
observation. Lalla's rules are as follows: 

1. Calculate the mean longitude of the planet at 
the observer's station and hence mandaphala. Apply 
half of it to the mean longitude. The result is the 



planet corrected once. Now calculate. Hghraphala and 
apply half of it to the once -corrected planet. From 
this again calculate mandaphala. Apply the whole of it 
to the mean longitude. The result is mandasphuta planet. 
Calculate Hghraphala from.it and apply the whole of it to 
the mandasphuta planet. The result is the true longitude 
of the planet. 

2. According to the second method as given in 
verse 8, first the Hghraphala is calculated and half of it is 
applied and then the mandaphala is calculated and half 
of it applied. The third and fourth operations remain 
the same. 

Here again, the- tabulated circumferences of . the 
epicycles, both manda and Hghra, give only the mean 
circumferences and, as in the case of the Sun and the 
Moon, the method of successive approximation should 
be followed. (BC) 

22. 16. L ^Ksl^^H *rfuR1T JT^fe^FT 

^J"^T '^TFT'- 

r. -O 

^SnfaSTTTfH^siH3^ y l 
*m *TMq% ^Trft f^TST II <13 II 

3J63TT left ^PT^f FRW f« II ^ II 

(Lalla, SiDhVf., 3. 11-14) 

Manda and Sighra motion 

The mean motion of a planet multiplied by the 
bhogyakhanda resulting from its mean anomaly and also 
by the corrected mandagunaka and divided by 225 and 
80 gives in minutes the correction to the motion or manda- 
gatiphala. It is to be applied to the mean motion as 
explained before. (The result is the motion corrected 
once.) (11) 

Subtract it (viz., the corrected motion) from the 
motion of the Hghrocca of the planet. The remainder 
multiplied by the bhogyakhanda resulting from the sighra- 
kendra, the radius and the corrected Hghragunaka and 
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divided by 225, 80, and the hypotenuse gives the second 
correction of Hghragatiphala. (12) 

When it is applied to the once -corrected motion, (i) 
positively, (ii) negatively, (iii) negatively, and (iv) 
positively, according as the Hghrakendra is in the first, 
second or third or fourth pdda (see next verse), the 
result is the true motion. 

When the result is negative, the motion is said to be 
retrograde. (13) 

The first pdda extends from 0° to 90° plus 45°, 31°, 20°, 
50° and 6° for Mars, Mercury, Jupiter, Venus and 
Saturn, respectively. The third pdda extends from 180° 
to 270° minus 45°, 31°, 20°, 50° and 6°, respectively, 
for these planetes. This definition of pada should be 
kept in view while appliying the Hghragatiphala positively 
or negatively to the motion. (14) 

Diagrammatic rationale 

The verses of Lalla quoted above give formulae for 
mandagatiphala and Hghragatiphalas or two corrections 
to the mean daily motion of a planet to find its true 
motion on any day. 

For the formula for mandagatiphala see above Section 
22.14.1, pp. 303-4. 

Now, the second formula. According to Lalla, R 
sine sighraphala of a planet on any day. 

dohphalaxR. 



karna (Hghra hypotenuse) 
R sin s'ighra anomaly 



on that day 



X correct Hghragunaka X R. 



80 X sighra hypotenuse 
Again, R sine sighraphala for the next day 
R sine sighra anomaly 



on the next day 



X correct Hghragunaka X R 



~~ 80 x sighra hypotenuse 

So Hghragatiphala or sighra correction to motion 
R correct Hghragunaka 



X 



X difference of 



~~ hypotenuse 80 

the two R sines, approximately . 

R correct Hghragunaka bhogyakhanda 

= hypotenuse X 80 X 225 X 

motion of sighra anomaly in minutes. 

Now, motion of Hghra anomaly— motion of sfghrocca of 
the planet minus motion of the planet corrected by the 
mandagatiphala } found in the first part of the rule. 



As regards application, according to the text, the 
first correction or mandagatipala should be applied 
positively or negatively, as the case may be, to the mean 
motion. The result is called mandasphutagati. Then to 
this corrected motion, the second correction, s'ighragati- 
phala, should be applied positively or negatively, as the 
case may be. The result is the true motion. The 
Hghrakendras have been defined in verse 3. 14. 

While commenting on these verses Mallikarjuna has 
stated that the application of correction to motion should 
follow the same pattern as that of a planet. 

Alternate method for true motion 

Lalla gives another method to find the true motion 
of planets. 1 Here, the first correction follows from 
the proportion, 

mandakarna or manda hypotenuse : mean motion : : R : ?. 

The result is the motion of the planet corrected once. 
It is called mandasphutagati. The mandakarna is found as 
in verse 3. 17. 

From this corrected motion the second correction or 
Hghragatiphala is calculated in the following manner : 




Let O be the centre of a circle. Mark off arc AB 
equal to the sighraphala of any planet, and arc BG as 
Hghrakendragati or motion of sighra anomaly. Let BD— 
225'. Draw BE, GF, DG perpendiculars to AO from 

1 $DhV T : BC I. 49, II. 55-56. 
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B, G and D, respectively. Draw BH perpendicular to 
DG meeting CF at K. Then, DH is bhogyakhanda of 
Hghraphala. 

Then, from the proportion, arc BD : DH : : arc BC : 
CK, 

arc BG x DH 
CK= arc BD 

motion of Hghra anomaly X bhogyakhanda of Hghraphala. 
= — 225 

Now, GK is the difference between R sine Hghraphala 
and R sine of Hghraphala increased by Ughrakendragati. 
Then this difference is reduced to the kakfavrtta or orbit 
of the planet by the proportion, 

Hghrakarna or Hghra hypotenuse : CK : : R : ?. 

GKxR 

The reduced result — 77-7 r : 

hghra hypotenuse 

This is considered by Lalla as approximately the 
difference between the R sines of spastakendras {Hghra- 
kendra — sighraphala) of two consecutive days. The angle 
MEC is spastakendra in diagram in Section 22.15, above. 

Then, from the proportion, 

GKxR 



225 : 225' 



Hghra hypotenuse 
spastakendragati or motion of spastakendra 
CKxR 

= — - = minutes, nearly : 

Hghra hypotenuse 

motion of Hghrakendrax bhogyakhanda of sighraphala x R 
~~ 225 X Hghra hypotenuse 

(Hghrakendragati— motion of Hghrocca — mandasphutagati or 
motion corrected once as calculated above). 



It is evident from the diagram in Sn. 22.15.1, that 
Hghrocca on any day — spastakendra on that day —sphuta- 
graha or true planet on that day, and Hghrocca on the 
next day — spastakendra on the next day = sphutagraha, or 
true planet on the next day. So, subtracting one from 
the other, Hghroccagati or motion of Hghrocca — spasta- 
kendragati— sphutagrahagati or true motion of the planet. 

While commenting on these verses Mallikarjuna says 
that the method given here gives a more correct result. 

(Brahmagupta gives the same method in BrSpSi, iL 
43-44 and Sripati in SSe, iii. 42-43. 

Bhaskara II has criticized Lalla's formulae for correc- 
tion to motion given in 3.11-13 (see SiSi, I. ii. 40), 
as they give only rough results. His formulae are as 
follows : 

First correction or mandagatiphala 

kotiphala x motion of mean anomaly 
_ R 

and second correction or Hghragatiphala 

—motion of Hghra anomaly — motion of spasta anomaly 
= motion of Hghra anomaly 

motion of Hghra anomaly x R cos Hghraphala 
hypotenuse 

(SiSi, 1. 2. 36-39). 

But in his commentary on the above verses of Lalla 
he says nothing. The above rules of Bhaskara are based 
on instantaneous velocities of planets or tdtkdlikagati. 
This subject was also dealt with by Munjala and 
Aryabhata II. 

In the case of the Moon, which has a great velocity, 
the above formula for the first correction will give better 
results. Bhaskara points this out in SiSi, 1. 2. 38. (BC) 
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SELECT BIBLIOGRAPHY OF INDIAN ASTRONOMY 



Note: This Bibliography seeks to present, in chrono- 
logical order, about 300 texts on Indian astronomy, 
mainly in Sanskrit, including original texts, commen- 
taries, digests and tables, arranged under the authors 
of the several works. 

The dates in Christian era are given in the margins. 
While pre-Christ dates are suffixed with 'B.C, no 
special indication is given to A.D. dates. 

Texts from which passages have been extracted are 
marked by an asterisk and the details of the editions 
and translations used are also indicated. See also 
App. VI. 

Against the works have been given relevant references 
to three source-books which contain detailed information 
on the manuscripts, editions, translations and studies 
on the works. The said three source-books are: 

1 . CESS Census of the Exact Sciences in Sanskrit, by David 

Pingree, American Philosophical Society, 
Philadelphia, Series A, vols. 1 to 4, 1970-81. 

2. INSA A Bibliography of Sanskrit works on Astronomy 

and Mathematics, Pt. I. Manuscripts, Texts, 
Translations and Studies, by S.N. Sen, 
Indian National Science Academy, New 
Delhi, 1966. 

3. Kerala A Bibliography of Kerala and Kerala-based 

Astronomy and Astrology, by K.V Sarma, 
Vishveshvaranand Institute, Hoshiarpur, 
1972. 

The references are to page numbers in the respective 
source-books. 

Abbreviations used: b born, c circa, d died. fl. flourished. 
G commentary. 



c. 1140 B. C. Lagadha 

(current text redated c. 400 B.C.) 

— * Veddnga Jyotisa, Rk and Yajus recensions. INSA 
120-21. 

Cr. ed with the Translation and Notes of T.S. 
Kuppanna Sastri, by K.V. Sarma, Indian National 
Science Academy, New Delhi, 1985. 



d. 480 B.C. Mahavlra, founder of Jainism 

Suryaprajnapti. CESS 4. 383-84; INSA 215 
—Candraprajnapti. CESS 4. 387-88; 
INSA 48. 

1st cent. ( ?) Vrddha-Garga 

—Vrddhagargasamhitd. CESS 2. 116-17; INSA 
251* 

Do. Garga 

—Gargasamhitd. CESS 2.117-18; 4.78 

80 * Paitdmahasiddhanta I, summarised mainly 
in ch. 12 of the Pancasiddhdntikd of Varaha- 
mihira. 

(?) Vrddha-Vasistha 

— Vrddha-Vdsisthasamhita or Visvaprakdsa, 
INSA 252 

3rd cent. Vasistha 

— * Vdsislhasamhitd, summarised in the Panca- 
siddhdntikd of Varahimahira 

Do. — * Saurasiddhdnta, summarised in the Panca- 
siddhdntikd of Varahamihira. 

Do. — * Paulis'asiddhdnta, summarised in the Panca- 
siddhdntikd of Varahamihira. 

Do . — * Romakasiddhdnta, summarised in the Panca- 
siddhdntikd of Varahamihira. 

? — Romakasiddhdnta, different from the above, 
in 11 chs. INSA 187. 

4th cent. Vararuci 

— *Girnah sreyddi-candravdkydni. Kerala 26, 
83. Ed. as Appendix to the Vdkyakarana, 
ed. by T. S. K. Sastri and K. V. Sarma, 
Madras, 1964. 

4th cent. — Paitdmahasiddhanta of the Visnudharmottara 
Purdna. CESS 4. 259. 

b. 476 Aryabhata I 

—*Aiyabhafiya. CESS 1.50*53; 2.15; 4.27; 

INSA 7-10; Kerala 10-11. 

Cr. ed. with Translation and Notes by K.S. 

Shukla and K.V. Sarma, INSA, New Delhi, 

1976. 
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— * Aryabhatasiddhdnta or Ardhdrdtrika-^paksa, 
summarised in the Khandakhddyaka of 
Brahmagupta and quoted by Ramakrsna 
Aradhya in his G. on Suryasiddhdnta. CESS 
1.53; 4.27. 

ft. c. 500 Prabhakara, pupil of Aryabhata I 

Cited by Bhaskara I in his Bhasya on the 
Aryabhatiya, 2. 11, 12. CESS 4.227. 

ft. 505 Varahamihira, son of Adityadasa 

~*Pancasiddhdntikd. INSA 235-37. 

Gr. ed. with Translation and Notes by T.S. 

Kuppanna Sastri, INSA, New Delhi. 

~*Brhatsamhitd. INSA 234-35. 

Ed. with Translation by M. Ramakrishna 

Bhat, MLBD, Delhi, 2 Parts, 1981, 1982. 

b. 598 Brahmagupta, son of Jisnugupta 

—* Brdhmasphutasiddhdnta. CESS 4. 254-55; 
INSA 40-42. Ed. by Sudhakara Dvivedi, 
Varanasi, 1901-2. 

—* Khandakhddyaka. CESS 4. 256-57; INSA 
42-43. 

Ed. with the C. of Bhattotpala and Transla- 
tion by Bina Ghatterjee, Calcutta, 2 vols., 
1970. 

After 600 * Suryasiddhdnta. INSA 216-23. 

Ed. with the C. of ParamesVara, by K.S. 
Shukla, Lucknow, 1957; Translated with 
Notes by Ebenezer Burgess, 1880. Indian 
rep. Varanasi-Delhi, 1977. 

ft. 629 Bhaskara I 

— * Mahdbhdskaraiya. CESS 4. 297-98; INSA 
19-20; Kerala 70. 

Ed. with Translation by K.S. Shukla, 
Lucknow, 1960. 

—*Laghubhdskariya. CESS 4. 298-99; INSA 
19; Kerala 80. Ed. with Translation, by 
K. S. Shukla, Lucknow, 1963. 

— C. Bhdsya on the, Aryabhatiya of Aryabhata 
I. CESS 4.297; INSA 19. 

650-700 Haridatta 

— Grahacdranibandhana. Kerala 29, 98 . 

— Mahdmdrganibandhana. Kerala 70, 98. 
ft. 689 Deva (Devacarya) 

— * Karanaratna. CESS 3. 121. 

Ed. with Translation by K.S. Shukla, 
Lucknow, 1979. 



c. 768 Lalla, son of Bhatta Trivikrama 

— * Sisyadhivrddhida. INSA 125 

Ed. with Translation by Bina Ghatterjee, 
INSA, New Delhi, 2 vols., 1981. 

c. 800 Govindasvamin 

— G. Bhdsya on the Mahdbhdskariya of 
Bhaskara I. CESS 2. 143-44; 4.86; INSA 
78; Kerala 28, 70. 

—Govindakrti. CESS 2.143; Kerala 28. 
—Govindapaddhati. CESS 2.143; Kerala 28. 
After 821 Sakalya or gakapuni 

— Brahmasiddhdnta or Sdkalyasamhitd, in 6 chs. , 
a dialogue between Narada and Brahma. 
GESS 4. 259-60; INSA 188-89. 

(?) Brahmasiddhdnta or Brahmasamhitd, in 23 
chs., a dialogue between Prabrahman and 
Brahman. CESS 4.260. 
c. 825-900 Sahkaranarayana 

— *C. Vivarana on the Laghubhdskanya of 
Bhaskara I. Kerala 80, 91. 

Ed. with text, Kerala Univ., Trivandrum, 
1949. 

ft. 850 Mahavlra, of the Digambara sect 

— *Ganitasdrasangraha. GESS 4,388-89; 
INSA 132. 

ft. 864 Prthudakasvami, Gaturveda 

— C. Vdsandbhdsya on Brdhmasphutasiddhdnta of 
Brahmagupta. CESS 4.221-22; INSA 173. 
— C. Vivarana on the Khandakhddyaka of 
Brahmagupta. CESS 4.222; INSA 173. 

ft. 904 VatesVara 

— * Vatesvarasiddhdnta. INSA 239. 

Cr. ed. with Translation and Notes by K.S. 
Shukla, INSA, New Delhi. 

ft. 932 Munjala or Manjula 

—* Laghumdnasa. GESS 4.435-36; INSA 141- 
42; Kerala 80-81. 

c. 950- Aryabhata II 

1100 —* Mahdsiddhdnta. CESS 1.53-54; 2.15-16; 
4.28; INSA 10-11. 

Cr. ed. with Translation by S. R. Sarma, 
Purva-Ganita Sn.: 2 Pts., Marburg, 1966. 

ft. 958 Prakas*adhara of Kashmir 

— C. on the Laghumdnasa of Munjala. GESS 
4. 227-28; INSA 172. 
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fl. 966 Bhattotpala, of Kashmir 

G. Cintamani on the Khandakhddyaka of 

Brahmagupta.' CESS 4. 282. 

C. Vivrti on the Brhatsamhita of Varaha- 

mihira. CESS 4.270-72; INSA 34. 
975 Nemicandra, pupil of Abhayanandin 
—Trilokasdra. CESS 3. 207-8. 

fl. 999 Snpati, son ofNagadeva 

—*Siddhdntasekhara. INSA 206. 

Ed. by Babuaji Misra, Calcutta, 1932. 

■ — *Dhikotikarana. INSA 206. 

Ed. with Translation by K.S. Shukla, 

Lucknow, 1969. 

11th cent. Somesvara 

C. on the Aryabhatiya of Aryabhata I. 

INSA 202. 

— C. on the Khandakhddyaka of Brahmagupta, 
INSA 202. 
fl. 1055 Dasabala son of Vairocana 

—Cintdmanisdranikd. CESS 3. 96; INSA 52. 

fl. 1073 Udayadivakara 

— *C. Sundari on Laghubhdskariya of Bhaskara 
I. CESS 1.56-57; INSA 280; Kerala 13,80. 

fl. 1092 Brahmadeva, son of Candrabudha 

^Karanaprakdsa. CESS 4. 257-58; INSA 39. 

fl. 1099 Satananda 

—Bhdsvati-karana. INSA 193 
6.1114 Bhaskara H, son of Mahesvara 

—*Siddhantasiromani. CESS 4. 31 1-19; INSA 

27-31. 

Ed. with Vdsandbhdsya and Vdrttitka of 
Nrsirnha Daivajna, Varanasi, 1981; Eng. 
Translation of the Ganita section, by Arka 
Somayaji, Kendriya Vidyapeetha, Tirupati, 
1980. 

—Karanakutuhala. CESS 4.322-26; INSA 
31-32. 

G. Vivarana on Sisyadhivrddhida of Lalla. 

CESS 4. 326. 

— C. *Mitdksard or Vdsandbhdsya on his own 
Siddhdntasiromani. CESS 4. 319-22; INSA 
27-32. 

fl. 1132 ASadhara, son of Rihluka 

Grahajndna or Brahmatulydnayana. CESS 

1.54; INSA 12. 



fl. 1185 Candesvara of Mithila 

— G. on Suryasiddhdnta. CESS 3.40-41; 
- - INSA 47. 

fl, 1 150 Malayagiri, Jain monk from Gujarat 

— G. Vrtti on Candraprajnapti. CESS 4.360. 
— G. on Jyotisakarandaka. CESS 4.361; 
INSA 137 

— G. on the Suryaprajnapti. CESS 4. 362; 
INSA 138. 

fl. 1178 Mallikarjuna Suri 

— C. on the Suryasiddhdnta. CESS 4. 368; 
INSA 140. 

b. 1191 Suryadevayajvan 

— *C. on the Aryabhatiya of Aryabhata I. 

INSA 214; Kerala 10, 97. 

Gr. ed. by K.V. Sarma, INSA, New Delhi, 

1976. 

— * C . on the Laghumdnasa o f Munjala . INSA 
214; Kerala 80, 97. 

fl. 1200 Amaraja, son of Mahadeva 

— C. Vdsandbhdsya on the Khandakhddyaka of 
Brahmagupta. CESS 1.50; 2.15; INSA 3. 

(?) Somasiddhdnta in 10 chs. INSA 201. 

1235 Bhaskara Yogi, sonofKumara 

— G. Tantrapradipa on the Suryasiddhdnta. 
INSA 119, 257. 

fl. 1258 Mahadeva, son of Bandhuka 

— G. on Cintdmanisaranikd of Daiabala. 
CESS 4. 372-73. 

fl. 13th cent. Kesavarka, son of Ranaga 

— Karanakanihirava. CESS 2.77. 

c. 1300 — * Vdkyakarana. Kerala 84. 

Cr. ed. with the G. of Sundararaja by T.S.K. 
Sastri and K.V. Sarma, KSR Inst., Madras, 
1964. 

c. 1300 Kujddipancagrahavdkya or Samudravdkya. 
Kerala 19. 

fl. 1307 Kuvera Sarman of Kanjivihara 

■ — G. on Bhdsvati of Satananda. CESS 2.47. 

fl. 1315 Thakkura Pheru 

— *Ganitasdra. CESS 3. 78. 
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fl. 1316 Mahadeva, son of Parasurama 

—Mahddevi-sdrani CESS 4.374-76; INSA 
131. 

fl. 1 325 Abhayacandra or "nandin 

— C. on Trilokasdra. CESS 1.45. 

c. 1340-1425 Madhava of Sangamagrama in Kerala 

—*Sphutacandrdpti. CESS 4.414. 

Ed. K.V. Sarma with Translation and 
Appendices, Vishveshvaranand Inst., 
Hoshiarpur, 1973. 

—Venvdroha. CESS 4.414; Kerala 71, 87. 

— Aganitagrahacdra. CESS 4.414-15; Kerala 
1,71." 

— Candravdkydni or Viliptddi-candravdkydni. 
GESS 4.415; Kerala 71, 91. 

14th cent. Somakara (Sesa or Sesanaga) 

— C. on the Veddnga-Jyotisa of Lagadha. 
INSA 200-1. 

fl. 1370 Mahendra Suri, pupil of Madana Suri 

—Tantrardja. CESS 4.393-95; INSA 133-34. 

fl. 1370 Ekanatha, son of Sarahga 

— C. Brahmatulyabhdsya on the Karanakutuhala 
ofBhaskara II. CESS 1.60; 2.18; INSA 61. 

Before Viddanacarya 
1370 

—Vdrsikatantra. INSA 242. 

fl. 3374 Madanapala of the Taka royal line 

— C. Vdsandrnava on the Suryasiddhdnta. INSA 
128. 

fl. 1375 Isvara 

— Karanakanthirava or Karanakesari. CESS 
1.55. 

fl. 1377 Makkibhatta 

— C, Ganitabhufana on the Siddhantasekhara of 
Srlpati. 'CESS 4.343; INSA 137. 

— C. Ganitavildsa on the Mahdbhdskariya of 
Bhaskara I. CESS 4.343. 

(?) Bhutivisnu, son of Devaraja 

— C. Bhatapradipa on the Aryabhatiya of 
Aryabhata I. CESS 4.331; INSA 37." 

— C. Gurukatdkasa on the Suryasiddhdnta. 
CESS 4.331.' 



fl. 1377 Malayendu Suri, pupil of Mahendra Suri 

— C. on the Tantrardja of Mahendra Suri. 
CESS 4.363-64; INSA 138. 

— Tantrardjaracand. INSA 138. 

1380-1460 Paramesvara, a Namputiri of Vata&eri in 
Kerala 

—*GoladipikdI. CESS 4. 188-89; INSA 168; 
Kerala 58-59. 

Cr. ed. with the author's own com. and 
Translation by K.V. Sarma, Adyar Library, 
Madras, 1957. 

— Goladipikd II, different from the above. 
CESS 4.191 ; INSA 168; Kerala 26, 58-59. 

—*Grakananyayadipikd } CESS 4.188; Kerala 

31, 58-59. 

Cr. ed. by K.V. Sarma, with Translation, 
Vishveshvaranand Inst., Hoshiarpur, 1966. 

— Grahanamandanam. CESS 4.188; Kerala 

32, 58-5*9. 

Cr. ed. with Translation by K.V. Sarma, 
Vishveshvaranand Inst., Hoshiarpur, 1965. 

—Grahanastaka. CESS 4. 189; INSA 169; 
Kerala 32, 58-59. 

— Candracchdydganita. CESS 4. 189; Kerala 
35, 68-69. 

—*Drgganita. CESS 4.188; INSA 168; 
Kerala 48, 58-59. 

Cr. ed. by K.V. Sarma, Vishveshvaranand 
Inst., Hoshiarpur, 1963. 

— Vdkyakarana. CESS 4.189; Kerala 58-59, 
84. 

— C. Bhatadipikd on the Aryabhatiya of 
Aryabhata I. CESS 4.189-90; INSA 167- 
68; Kerala 10, 58-59. 

— C. Karmadipikd on the Mahdbhdskariya of 
Bhaskara I. CESS 4. 190; INSA 169; 
Kerala 58-59, 70. 

— * Siddhdntadipika on the Mahdbhdskariya- 
bhdsya of Govindasvamin. CESS 4,188; 
INSA 169; Kerala 58-69, 70. 

Cr. ed. by T.S.K. Sastri, Madras, 1957. 

— C. Pdrames'vari on the Laghubhdskariya of 
Bhaskara I. CESS 4.187; INSA 169; 
Kerala 58-59, 80. 

— C. on the Vyatipdtdstaka. CESS 4.191; 
Kerala 58-59, 88. 
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— *C. Vivarana on the Suryasiddhdnta. CESS 4. 

190; INSA 169; Kerala 58-59, 97. 

— C. Barameivari on the Laghumdnasa of 

Munjala. CESS 4.188; INSA 169; Kerala 

58-59. 

1387-1477 Surya, son of Baladitya 

—Ganakdnanda. INSA 212. 

fl. 1400 Padmanabha, son of Narmada 

— Yantraratndvali or Yantrakirandvali. CESS 

4. 170-73; INSA 162-63. 

— C. on the above. CESS 4.170-72; INSA 

162-63. 

fl. 1417 Damodara, son of Padmanabha 
—Bhatatulya. CESS 3.100-1. 
—Suryatulya. CESS 3.101. 

fl. 1434 Gangadhara, son of Candrabhatta 

— Cdndramdna, based on the Suryasiddhdnta. 
CESS 2.82; INSA 70. 

fl. 1438 Makaranda 

— Makarandasdrani . INSA 135-46. 

b. 1444 Nilakantha Somayaji or °Somasutvan, of 
Kerala 

—*Golasdra. CESS 3.175; INSA 155; Kerala 
27, 52. 

Cr. ed. with Translation by K.V. Sarma, 
Hoshiarpur, 1970. 

—Candracchdydganita. CESS 3.176; 4.142; 
INSA 155; Kerala 37, 52. 

— C. Bhdsya on the Aryabhatiya of Aryabhata 
I. CESS 3.177; 4.142; INSA 155; Keraia 
10, 52. 

—*Jyotirmimdmsd. CESS 4. 142. 

Cr. ed. by K.V. Sarma, Hoshiarpur, 1977. 

—*Tantrasangraha. CESS 3.176-77; 4.142; 
INSA 156; Kerala 46, 52. 

Cr. ed. with two commentaries by K.V. 
Sarma, Hoshiarpur, 1977. 

—*Siddhdntadarpana. CESS 3.175-76; 4.142; 
INSA 155-56; Kerala 52,95. 

Cr. ed. by K.V. Sarma, Hoshiarpur, 1965. 

— C. on the Siddhdntadarpana .CESS 3. 1 75-76; 
Kerala 52, 95. 

15th cent. Cakradhara 

— Yantracintdmani or Sad-yantracintdmani. 
CESS 3. 36-37;*4.88; INSA 46. 



— G. on his own Yantracintdmani. CESS 3. 
36-37; 4.88; INSA 46. 

15th cent. Kesava 

— Siddhdntalaghuksamanikd, based on the 
Suryasiddhdnta. CESS 2.64; INSA 110. 

15th cent. Pera-Jyosyalu of Akhandala 

— Grahacandrikaganita. CESS 2.14. 

c. 1450 Munjaditya 

— Bdlabodha or Jyotisasdrasahgraha. CESS 
4.31-35; INSA 146. 

( ?) Colasuri or Colaviscit 

— C. Ganakopakdrini on the Suryasiddhdnta. 
CESS 3.52-53; 4. 94; INSA 50. 

b. 1463 Aniruddha, son of Mahasarman 

— C. on Bhdsvatikarana of Satananda. CESS 
1.43. 

1472 Yallaya, son of Sndharacarya 

— C. Kalpataru on the Laghumdnasa of 
Munjala. INSA 255. 

— C. Kalpavalli on the Suryasiddhdnta. INSA 
255. 

— C. Supp. to the com of Siiryadevayajvan 
on the Aryabhatiya of Aryabhata I. INSA 254. 

— Jyotisadarpana. INSA 255. 

fl. 1491 Appaya, son of Perubhatta 

— C. (in Telugu) on the Grahacandrika- 
ganita of Pera-Jyosyulu of Akhar.dala. ,CESS 
1.44; 2.13; INSA 7. 

b. 1495 Balabhadra, son of Vasanta 

— C. Tikd on the Bhdsvatikarana of Satananda 
CESS 4. 233-34; INSA 14. 

fl. 1496 Kesava, son of Kamalakara of Nandigrama 
—Grahakautuka. CESS 2.65-66; INSA 109. 

fl. 1500 Sundararaja, son of Anantanarayana 

— C. Laghuprakdsikd on the Vdkyakarana. 
INSA 211. 

fl- Jyesthadeva of Kerala 

1500-75 —Yuktibhdsd (in Malayalam). CESS 3. 76-77. 
4.100; Kerala 44, 76. 

— *Drkkaranam (in Malayalam). Kerala 
44,48. 

c. 1501 Laksmidasa, son of Vacaspati Misra 

* — Ganitatattvacintamani. INSA 123. 
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$.1500-60 Sankara Variyar of Kerala, pupil of 
Jyesthadeva 

— Karanasdra. Kerala 17, 

— C. Laghuvivrti on the Tantrasangraka of 

Nilakantha Somayaji. Kerala 46, 89. 

— C. Tuktidipikd on the Tantrasangraka of 

Nilakantha Somayaji. Kerala 46. 

— C. on Pancabodha IV. 

fl. 1503 Jnanaraja 

— Siddhantasundara or Sundarasiddhdnta. CESS 
3. 75-76; INSA 93-94. 

fl. 1505-34 Acyuta Bhatta, son of Sagara Bhatta 

— C. Ratnadipikd or Ratnamdld on the Bhdsvati- 
karana of Satananda. CESS 1.36; INSA 2. 

b. 1507. Ganesa Daivajna, son of Laksmi and Kesava 
—*Grahaldghava. CESS 2.94-100; 3.72-74; 
INSA 64. 

—Pdtasdrani. CESS 2.100; INSA 67. 
—Cdbukayantra. CESS 2. 106. 
—Pratodayantra. CESS 2.106. 
— Tithicintdmani or Paftcdngatithicintdmani. 
CESS 2.100-3*; 4.74-76; INSA 66. 
—Brhat-Tithicintdmani CESS 2. 104; INSA 62. 
— C. on Pratodayantra. CESS 2.106; 4.75; 
INSA 67. 

—Sudhiranjanayantra. CESS 2.106; INSA 68. 
1480-1550 Ganapati Bhatta, father of Govindananda 
—Jyotismati. CESS 2.89. 

fl. 1510 Govindananda Kavikankana, son of 
Ganapati Bhatta 

— C. Artharatnaprabhd on Jdtakdrnava. CESS 
2.144; 3.35. 

fl. 1525 Narayana of Kerala 

— Upardgakriydkrama. CESS 3.150; 4.137; 
INSA 150; Kerala, 13, 50. 

fl, 1525 Madhava, son of Kandarpa 

— C. on the Bhdsvatikarana of Satananda. 
GESSf4. 415-17; INSA 129. 

Citrabhanu of Kerala 
—Karandmrta. CESS 3.47; 4.93. 



fl. 1530 
fl. 1540 



Gopjraja Pandita 

—Grahaganitakalpataru. CESS 2.133; INSA 
76. 



— G. on the above. CESS 2.1 33 ; INSA 76. 
—Siddhdntakaustubha. CESS 2.133; 4.83. 

fl. 1540 Gopjraja of Dadhigrama 

— C. Vildsavati on the Tantrardja of Mahendra 
Suri. CESS 2.133; INSA 77. 

b. 1548 Nrsirnha, son of Rama of Nandigrama 

—Grahakaumudi. CESS 3. 202-3; INSA 160. 
—Khetamuktdvalx. CESS 3.203; INSA 160. 

16th cent. Dhundhiraja, son of Nrsiinha 

— Ayanatattva or Sdyanatattva. INSA 56. 
—Grahamani. INSA 50. 

fl. 1550 Krsna Cakravartin 

—Jyotiskanikd or Jyotiskalikd. CESS 2.52-53. 

c. 1550- Acyuta Pisarati 

1621 —Upardgakriydkrama. CESS 1.37; 4.12; 
Kerala 6, 13. 

—Karanottama. CESS 1.37; 2.11; 4.12; 
INSA 1; Kerala 6, 18. 

—*Rdtigolasphutdniti. CESS 1.38; 4.13; 
Kerala 6, 78. 

— -C. (in Malayalam) on the Venvdroha of 
Madhava. CESS 1.38; Kerala 6, 87. 

—^Sphutamrnaya. CESS 1.38; 4.12-13; 
Kerala 6, 98. 

— C. on Sphutanirnaya. CESS 4.13; Kerala 
6, 98. 

— C. Vivarana on his own Karanottama. CESS 
1.37; Kerala 6, 38. 

—Chdydstaka. CESS 1.38; 4. 13; Kerala 6, 38. 

Before Ahobilanatha 
1567 —Grahatantra. INSA 2-3. 

fl. 1572 Bhudhara, son of Devadatta 

— C. Vivarana on Suryasiddhdnta. CESS 4. 
331-32; INSA 35-36. 

fl. 1576 Pitambara Siddhantavaglsa of Assam 
r—Grahanakaumudi. CESS 4.204-5. 
—Sankrdntikaumudi. CESS 4.204. 

. 1578 Visvanatha Daivajna, son of Divakara 

— G. Uddharana on the Suryasiddhdnta. INSA. 
246. 

— C. Uddharana on the Grahaldghava of Ganesa 
Daivajna. INSA 246-48. 
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— C. Udaharana on xYiz.Rdmavinoda of Rama 
Daivajna. INSA 249. 

— C. Udaharana on the Tithicintdmani of 
Ganesa Daivajna. INSA 250. 

fl. 1578 Dinakara, son of RameSvara 

—Candrarki. CESS 3.102; 4.109; INSA 57. 

— Tithisdrani or Dinakarasdrani. CESS 3. 104. 
—Khetasiddhi. INSA 57. 

b. 1586 Nrsimha, son of Krsna 

— C. Bhasya on the Suryasiddhdnta. CESS 

3. 204-5; INSA 159. 

— C. Vdsandvdrttika on the Siddhdntasiromani 
of Bhaskara II. CESS 3,205-6; INSA 159. 

fl. 1586 Garigadhara, son of Narayar.a 

— C. Manoramd on the Grahaldghava of Ganesa 
CESS 2.82; INSA 69. 

fl. 1587 Nilakantha Jyotirvid, son of Ananta 

— Grahakautuka. INSA 154 

— G. on Makarandasdrani . INSA 154. 

fl. 1598 Bhava-Sadasiva Bhatta 

—Laghukarana. CESS 4.296; INSA 188 

fl. 1599 Tamma Yajvan, son of Malla Yajvan 

— C- Kamadogdhri on the Suryasiddhdnta. 
CESS 3. 85-86; INSA 223. 

1599 Raghavananda Cakravartin 
-—Dinacandrikd. INSA 175. 
— C. Rahasya on Suryasiddhdnta. INSA 175. 
fl. 1600 Ganesa, great-grandson of Ganesa Daivajiia 
(6.1507) 

— C. Prakdsa on the Siddhdntasiromani of 
Bhaskara II. CESS 2.106-7; 4.76; INSA 57. 

b. 1603 Munlsvara Visvariipa, son of Ranganatha 

— Siddhdntasdrvabhauma. CESS 4. 438-39; 
INSA 145-46. 

— C. Asrayaprakasini on the above. CESS 

4. 439-40. 

—Ganitaprakdsa. CESS 4.440. 

— Ekandthamukhabhanjana, a. refutation of 
Ekanatha on krdntipdtdrthatraya in the 
Siddhdntasiromani of Bhaskara II. CESS 4.440. 
— C. Marici on the Siddhdntasiromani of 
£haskara II. CESS 4.439-40; INSA 145. 

fl. 1603 Ranganatha, son of Ballala 

— C. on the Suryasiddhdnta. INSA 184. 



fl. 1608 Vi&nu Daivanja, son of Divakara 

— Suryapaksa-sarana-karana. INSA 244-45. 
— C. Subhodini on Brhat-Tithicintdmani of 
Ganesa Daivajna. INSA 244. 
b. c. 1610 Kamalakara, son of Nrsimha 

—*Siddhdntatattvavweka. CESS 2.21-22; 4.33; 
INSA 102. 

— C. Udaharana on the above. CESS 2.23. 
— C. Sesavdsand. CESS 2.23; 4.33; INSA 101. 
— C. Sauravdsand on Suryasiddhdnta. CESS 
2.23; 4.33; INSA 101. 

fl. 1609 Mathurinatha Sarman Cakravartin 

— Ravisiddhdntamanjari or Suryasiddhdntaman- 
jari. CESS 4.349; INSA 143. 

fl. 1615 Ramadaivajna, son of Madhusudana 

— C. Tantradipikd on the Tantracintdmani of 

Cakradhara. INSA 180. 
fl. 1619 Nagesa Daivajna, son of Siva Daivajna 

—Grahaprabodha. INSA 140. 

— C. on the above. INSA 146. 

Before Ekanatha, son of Candika 
1621 —Ganaprakdia. CESS 1.59-60; INSA 60. 

b. 1624 Acalajit, son of Ramesvara 

— Candrarki. CESS 4.12. 
fl. 1627 Krpasankara, son of Chajurama 

—Jyoiskeddra. CESS 2.49-50. 

fl. 1628 Nityananda, son of Devadatta 

—Siddhdntabindu. CESS 3. 1 73 ; 4. 141 ; INSA 
159. 

fl. 1629 Balabhadra, son of Damodara 

—Hdyanaratna. CESS 4.234-36; INSA 14. 

fl. 1635 Narayana, son of Govinda, of Vidarbha 

— C. Uddhrti on the Grahaldghava of Ganesa 
Daivajna. * CESS 3.165; INSA 151. 

fl. 1643 Ranganatha, son of Nrsimha Daivajna 
— Bhanglvibhangikarana. INSA 184. 
— Lohagolakhandana. INSA 184. 
— Siddhdntacuddmani. INSA 185. 

fl. 1643 (Malajit) Vedangaraya, son of Tigala Bhatta 
—Giridhardnanda. CESS 4.421-22. 
—*ParasiprakaJa. CESS 4.421 ; INSA 239-40. 

fl. 1649 Kalyana 

—Khecaradipikd. CESS 2.25. 
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fl. 1650 Gadadhara, son of Mahadeva 

■: — Lohagolasamarthana. CESS 2.115. 

fl. 1653 Krsna, son of Mahadeva 

—Karanakaustubha. CESS 2.55-56; INSA 
116. 

c. 1660- Putumana Somayaji of Kerala 

1740 —^Karanapaddhati . CESS 4.206-7; INSA 
104-5; Kerala 16-17, 60-61. 
Ed. by K. Sambasiva Sastri, Trivandrum, 
1937. 

—Nydyaratna. CESS 4. 208-9; Kerala 53, 
60-61. 

—Fancabodha III. CESS 4.202; Kerala 
54-55,60-61. 

—Venvdrohdstaka. CESS 4.209 ; Kerala 60-61 , 
87. 

fl. 1685 Kuvera Misra 

— C. on Bhdsvatikarana of Satananda. CESS 
2.47; INSA 119. 

fl. 1685 Gangadhara, son of Vidhicandra 

— C. Udaharana on the Bhdsvatikarana of 
Satananda. CESS 2.85; INSA 70. 

fl. 1674 Anandamuni 

—Ganitasdroddhara. CESS 1.49; INSA 4. 

b. 1686 Sawai Jayasirnha 

— Jayavinodasdrani. CESS 3.63; 4.97. 

—Tantrardjaracand. CESS 3.63-64; 4.97; 
INSA 92. 

fl. 1687 Ramakrsna, son of Laksmana 

— C. on the Siddhdntasirotnani of Bhaskara II. 
INSA 181. 

fl. 1689 Purusottama of Kerala 

— Fancabodhasataka. CESS 4.211; Kerala 
56-57, 61, 

fl. 1713 Trivikrama, son of Krsnajit 

— Grahasiddhi or Grahasighrasiddhi. CESS 3. 
92-93 

—Bhramasdrani. CESS 3.93. 

fl. 1719 Dadabhatta alias Dadabhai 

—Turiyayantrotpatti. CESS 3.97. 

— C. Kirandvali on the Suryasiddhdnta. CESS 
3.97; 4.107; INSA 51. 

fl. 1 720 Jagannatha Samrat 

—Samrdtsiddhdnta. CESS 3.57; INSA 90. 



—Siddhantasdrakaustubha. CESS 3.57; INSA 
90. 

fl. 1728-36 Tulajaraja of Tanjore 

— Inakulardjatejonidhi. CESS 3.87-88. 
—Vdkydmrta. CESS 3.88; INSA 230. 

fl. 1728-62 Kevalara ma Pancanana 

—Ganitardja. CESS 2.63; 4.63; INSA 110. 
— Grahacarita. CESS 2.63; INSA 111. 
—Grahacdra. CESS 2.64; INSA 111. 
—Tithisdrani. CESS 2.63. 
—RekMpradipa. CESS 2.63. 

fl. 1 730 . Nayanasukhopadhyaya . 

—Ukara. CESS 3.132; 4.122; INSA 153. 

fl. 1740 Laksmipati 

— Dhruvabhramana. INSA 124. 
—Samrdty antra. INSA 124. 

fl. 1740 Kamalanarayara 

— C. Udaharana on the Bhdsvatikarana of 
Satananda. CESS 2.20; INSA 103 

fl. 1750 Rajacandra 

— Siddhdntaratndvali. ^ INSA 177. 

fl. 1 750 ( ?) Azhvanceri Tamprakkal 

— Ganitasdrasangraha (in Malayalam). CESS 
2.11.' 

— Jyotissdstrasahgraha. CESS 4.25; Kerala 
11-12, 44. 

— Sahgrahasddhanakriyd. Kerala 12, 93. 

fl. 1750 Bharadvajadvija of Kerala 

—Karanadarpana. CESS 4.294; Kerala 16, 67. 

—*Ganitayuktayah. CESS 4.249; Kerala 25, 
67. Cr. ed. by K. V. Sarma, Vishveshvar- 
anand Inst,, Hoshiarpur, Pt. I, 1979. 

fl. 1751 Mallari, son of Divakara 

— C. Siddhdntarahasya on the Grahaldghava of 
Ganesa Daivajna. INSA 139. 

—Grahasdrani. INSA 139. 

fl. 1753 Hemangada Thakkura 

— Grahanamdld. INSA 89. 

1756-1812 Krsnadasa alias Koccu-Krsnan Asan of 
Kerala 

—Fancabodha VIII. Kerala 20, 57. 

— C. on the Aryabhatiya of Aryabhata I. 

Kerala 11, 57. 
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fl. 1763 Nandarama Misra 

—Goladarpana. CESS 3. 129. 
—Grahanapaddhatl CESS 3.128-29; INSA 
148. 

—Tanfrasfira. CESS 3.130; INSA 148. 

fl. 1766 Sahkara, son of Sijkadeva Bhatta 
— Karanavaisnava. INSA 190. 

fl. 1782 Mathuranatha Sukla 

—Jyotissiddhdnta. CESS 4. 349-50; INSA 143. 

— Tantrardjakalpa or Yantrardjaghatand. CESS 
4.349; INSA 143. 

fl. 1791 Cintamani, son of Vinayaka Somayajin 
—Goldnanda. INSA 50 

fl. 1792 Krparama Misra, son of Laksminarayana 
— C. on Tantracintdmani. INSA 113-14. 

1796-1830 Balakrsna Vedavrksa, son of Jyotihtfvarupa 
—Siddhdntardja. CESS 4.245-46. 

c. 1800 Ghatigopa 

— C. on the Aryabhatiya of Aryabhata I. 
CESS 2.147; 3.36; 4.87; Kerala 10, 35* 

c. 1830 Sankaravarman, king of Kadattanad, Kerala 
—Sadratnamdld, INSA 191; Kerala 91, 93. 



1807 Abbaya Kavi 

—Ganitdmrta. CESS 1.44-45; INSA 1. 

fl. 1810 Kulananda, son of Visvariipa 
—Mihiraprakasa. CESS 2.47. 

fl. 1812 Dinakara, son of Ananta 

— Grahavijndnasdrani. CESS 3.105. 
— Gandrodaydhkajdla. CESS 3.105. 

fl. 1813 Kaslnatha, son of Nrhari 
—Grahaprakdsa. CESS 2.44. 

fl. 1833 Nilambara Jha of Mithila 

— C. on different sections of the Siddhanta-* 
siromani of Bhaskara II. CESS 3.193-95; 
INSA 157-58. 

fl. 1832 Jyotiraja of Nepal 

— Jyotirdjakarana. CESS 3.77. 

fl. 1835 Candrasekharasimha of Orissa 

—Siddhdntadarpana. CESS 3.45; INSA 48. 

fl. 1854 Kodandararoa, son of Verikatakrsna Sastrin 

— C. Aryabhatatantraganita on the Aryabhatiya 
of Aryabhata I. CESS 2.77-78; INSA 113. 
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(JVbfe: The terms have been arranged according to the 
De vanagari alphabet . ) 

Amsa {Bhaga) (1) Degree. (2) Part 

Akfa Latitude (The term Ak$a is an abbreviation of the 
complete term Aksonnati ) meaning 'the inclination of 
the (Earth's) axis (to the plane of the celestial 
horizon)', i.e., the latitude of the place. 

Aksa-jivd R sine of latitude 

Aksajyd R sine of latitude 

Agra Amplitude at rising, or the R sine thereof, i.e., 
the arc of the celestial horizon lying between the east 
point where the heavenly body concerned rises ; or the 
R sine thereof, which is equal to the distance between 
the east-west line and the rising-setting of the heavenly 
body concerned. 

Angula Unit of length, l/24th of a cubit 

AdMmdsa(k3L) Intercalary month. The intercalary 
months denote the excess the lunar (synodic) months 
over the solar months. Thus intercalary months in 
a yuga=\\ma.r months in a yuga minus solar months in 
ayuga. 

Anddesyagrahana Eclipse not to be predicted 
Anuloma Direct or anticlockwise 

Antya-jyd The current R sine-difference, i.e. the R sine 
difference corresponding to the elementary arc 
occupied by a planet. (In Hindu trigonometry a 
quadrant of a circle is divided into 24 equal parts, 
called elementary arcs.) 

Apakrama (1) Greatest declination. (2) Declination 

Apama Declination 

Apamandala (Apakramamandala) Ecliptic 
Ayana Northward or southward motion of a planet 
Arkdgrd Sun's amplitude at rising, or the R sine thereof 
Ardhajyd (jya) R sine 

Avanati Moon's true latitude as corrected for parallax 
Avamardtra Omitted lunar days or omitted tithis 



GLOSSARY OF TECHNICAL TERMS 

Avisesa-kaldkarna The distance (lit. hypotenuse) of a 
planet, in minutes, obtained by the method of suc- 
cessive approximations 

Asvayuk Month of Asvina 
Asvi(n) Two 
Asti Sixteen 

Asita Asita-paksa, i.e. the dark half of a lunar (synodic) 
month. (2) . The measure of the unilluminated part of 
the Moon 

Asa A unit of time equal to four sidereal seconds 

Asia The setting of a heavenly body. (2) Asta-lagna, i.e. 
the setting point of the ecliptic 

Astamaya Setting, diurnal or heliacal 

Astamayodayasutra R sine setting line 

Ahargana The number of mean civil days elapsed since 
the beginning of Kaliyuga (or any other epoch) 

Ahordtra (1) A day and night, a nychthemeron. (2) The 
day radius, i.e. the radius of the diurnal circle 

Ahordtrardha-viskambha Semi-diameter of the diurnal 
circle (of a heavenly body, particularly the Sun), i.e., 
the day radius. 

Ahordtrdsu The number of asus in a day and night, i.e., 
21600 

Indupd ta Ascending node of the Moon 

Inducca The Moon's apogee, i.e. the remotest point of 
the Moon's orbit 

Isu Five 

Ista Given, desired or chosen at pleasure. (2) Ista-graha, 
i.e. desired or given planet 

Ucca The Ucca of a planet is of two kinds : (1) Mandocca 
(apex of slowest motion), and (2) Sighrocca (apex 
of fastest motion) 

Uccanicaparivarta Anomalistic or synodic revolutions 

Uccanicavrtta Epicycle 

Utkramana ( Utkramajya) R versed sine 

Udagayana (Uttardyana) Sun's northward journey from 
winter solstice to summer solstice 
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Udaggola Northern hemisphere 

Udqya The rising of a planet on the eastern horizon. 
(2) Heliacal rising of a planet. (3) Udaya-lagna, i.e. 
the rising point of the ecliptic. (4) Addition as in 
ksayodayau (Subtraction and addition) 

Udayajivd (Udayajyd) R sine amplitude of the rising point 
of the ecliptic 

Udaydstamaya Heliacal rising and setting 

Unmandala Equatorial horizon 

Kaksyd Orbit 

Kaksydmandala Mean orbit, deferent of concentric 

Karana (1) The name of one of the five principal ele- 
ments of the Hindu calendar. (2) An astronomical 
manual 

Kama Hypotenuse, lateral side 
Kald Minute of arc 

Kaldrdhajyd The 24 R sine-differences in terms of minutes 

Kdlpa A period of IQQQyugas 

Kdha A day of Brahma known as Kalpa 

Ku Earth 

Kuja Mars 

Kuvdyu Terrestrial wind 
Krta Four 
Krti Square 

Krttikd The naksatra Krttika 

Kendra (1) Anomaly. The Kendra is of two kinds: Manda- 
kendra and Sighra-kendra. The manda-kendra of a planet 
is equal to the longitude of the planet minus the 
longitude of the planet's mandocca (apogee)' and the 
sighra-kendra of a planet is equal to the longitude of the 
planet's sighrocca minus the longitude of the planet. 
(2) Centre. 

Koti {Koti) (1) Vertical side of a right-angled triangle; 
(2) Complement of the bhuja 

Kotiphala The result obtained by multiplying the R sine 
of koti due to the planet's kendra by the tabulated 
epicycle and dividing the product by 80. 

Krama Serial order 

Kramajyd Same as Jyd 

Krdnti Declination 

Kriya The Sign Aries 



Kvdvarta Rotations of the .Earth 
Ksiticchdyd Earth's shadow 
Ksitija (1) Mars, (2) Horizon 
Kfitija (Kstijyd) Earthsine 

Ksitijyd Earthsine. The distance between the rising- 
setting line and the line joining the points of inter- 
section of the diurnal circle and the six o'clock circle 

Ksipti Celestial latitude 

Ksipti-liptikdh The minutes of celestial latitude 

Ksepa (1) Additive quantity. (2) Celestial latitude, see 
under Viksepa 

Kha Sky 

Khagola Sphere of the sky 
Khandagrahana Partial eclipse 
Khamadhya Middle of the sky 

Gata Traversed, elapsed, past, preceding 

Gaii Motion. Generally used in the sense of 'daily- 
motion ' of a planet etc. 

Gatyantara Motion-difference 

Gantavya To be traversed; to come, succeeding 

Gurvaksara Long syllable 

Gurvabda Jovian year 

Gola (1) Sphere. (2) Celestial sphere. (3) Hemisphere; 
northern or southern hemisphere 

Gola-yantra Automatic sphere model of the Bhagola 

Graha Planet 

Grahana Eclipse 

Grahanamadhya Middle of the eclipse 

Grdsa (1) Measure of eclipse. (2) Erosion by overlapping 

Grahaka The eclipsing body the eclipser 

Grdhakdrdha Half the diameter of the eclipsing body 

Grdhya The eclipsed body 

Grdhya-bimba the disc of the eclipsed body 

Grdhya-mandala The circle of the eclipsed body 

Ghatikd Same as ghati 

Ghati A unit of time equivalent to 24 minutes 
Ghanagola Solid sphere 
Ghanabhumadhya Earth's centre 
Ghdta Product; multiplication 
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Cakra (1) Circle. (2) twelve Signs or 360" 

Cakraliptd The number of minutes of arc in a circle, i.e. 
21600 

Cakrdrdha Half of a circle, i.e., 180° 
Candrocca Moon's apogee 

Cara Ascensional difference. It is defined by the arc of 
the celestial equator lying between the six o'clock 
circle and the hour circle of a heavenly body at 
rising 

Carajivdrdha The R sine of the ascensional difference 

Garadala Ascensional difference 

Caraprdna Same as Cardsu 

Carasu The asus of ascensional difference 

Cala-kendra {Sighra-kendra) See Kendra 

Cala-kendra-phala Sighraphala 

Catocca Sighrocca 

Cdndramdsa Lunar month 

Gdpajydrdha (jyd) R sine 

Cdpa-bkdga An element of arc of elementary arc (i.e., 
one of the twentyfour equal divisions of a quadrant, 
(the R sine differences for which have been tabulated 
by Aryabhata I) 

Capita Converted into (or reduced to) the corresponding 
arc 

Caitra The name of the first month of the year 

Chdyd (1) Shadow. (2) The R sine of the zenith distance 

Jina Twenty-four 
Jivd R sine 

Jivdbhukti True daily motion derived with the help of the 
table of R sine differences 

Juka Sign Libra 

Jyd R sine (Radius x sine). The R sine differences 
corresponding to the twentyfour equal divisions of a 
quadrant 

Jydrdha {Jyd) R sine 

Tama(s) Section of Earth's shadow cone at the Moon's 
distance 

Tamomurti The Moon's ascending node 

Tatnoviskambha Diameter of Shadow, i.e. diameter of the 
Earth's shadow cone at Moon's distance 



Tdrdgraka Star planets, i.e. the planets Mars, Mercury, 
Jupiter, Venus and Saturn 

Tithi Lunar day 

Tula Sign Libra 

Trijyd Radius or 3438', Literally the R sine of three 
Signs 

Tribhuja Triangle 

Daksindyana Sun's southward motion from summer 
solstice to winter solstice 

Darsana-samskdra (usually called Drkkarma). Visibility 
corrections. There are three visibility corrections: 
1 . Aksa-drkkarma which is the measure of the arc of 
the ecliptic lying between the hour circle and the 
circle of position of the planet concerned, 2. Ayana~ 
drkkarma which is measured by the arc of the ecliptic 
lying between the cirle of celestial longitude and the 
hour circle of planet concerned and 3. a correction 
of 48' to be subtracted from the Moon's longitude or 
added to it according as the Moon is in the eastern 
or western hemispheres (see above 17.5.8). These 
corrections having been applied to the true longitude 
of a planet, we obtain the longitude of that point 
of the ecliptic which rises on the local horizon 
simultaneously with the actual planet. 

Basra Two 

Dinagana Same as Ahargana 

Dindntodayalagna The rising point of the ecliptic at sunset 
Drkkarma See Darsanasamskdra 

Drkksepa Ecliptic zenith distance or its R sine. Thus, 
the drkksepa is the zenith distance of that point of a 
planet's orbit which is at the shortest distance from 
the zenith. This term is sometimes also used for the 
R sine of that zenith distance. 

Drkksepajyd The R sine of the drkksepa. See Drkksepa 

Drkksepamandala Vertical circle through the central 
ecliptic point 

Drggati Arc of the ecliptic between the Sun or Moon 
and the central ecliptic point or its R sine 

Drggatijya R sine of drggati 

Drggola Visible celestial sphere 

Drkchdyd Parallax 

Drhmandala Vertical circle 

Desdntara The longitude of a place. It is either the 
distance of the place from the prime meridian or the 
difference between the local and standard times. 
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Defdntara-ghaft Desdntara, in ghafis, i.e. the ghatis of the 
difference between the local and standard times. 

Dyugana Same as Ahargana 

Dkanu Arc 

Dhanurbhdga The element of arc or elementary arc (i.e. 
one of the twenty-four equal divisions of a quadrant 
the R sine differences of which have been tabulated 
by Aryabhata I) 

Dhrti Eighteen 

Natajyd R sine of zenith distance 

Natabhdga Meridian zenith distance. 

Natabhagajyd {Natajyd) R sine of zenith distance 

Mati (1) Meridian zenith distance or the R sine of that. 
(2) Difference between the parallaxes in latitude of the 
Sun and the Moon, 

Nabha Zero 

Ndksatradivasa Sidereal day 

Niraksajah (asavab) Asus of right ascension or the time in 
the asus of rising at the equator 

Paksa Lunar fortnight, i.e. the period from new moon 
to full moon or from full moon to new moon. The 
period from new moon to full moon is called the light 
fortnight (of the light half of a lunar month) and that 
from full moon to new is called the dark fortnight 
(or the dark half of a lunar month) 

Pankti Ten 

Parama-krdnti Greatest declination of the Sun, i.e. the 
obliquity of the ecliptic 

Parama-ksipti Greatest celestial latitude of the Moon, i.e. 
inclination of the Moon's orbit 

Paramdpakrama Greatest declination; obliquity of the 
ecliptic 

Paramdpakrama-gunah The R sine of the Sun's greatest 
declination 

Paramdpakramajivd R sine of the greatest declination 

Parasanku {Paramos anku) R sine of the greatest altitude, 
i.e. R sine of meridian altitude 

Parindha Periphery, Circumference 

Paridhi Circumference 

Parivarta Revolution 



Parva (1) Time of conjunction or opposition of the Sun 
and the Moon. (2) Full moon or new moon tithi. 
(3) An eclipse of the Sun or Moon. 

Parvanddi The nddis of the full moon or new moon tithi 
(also called parva) which are to elapse at sunrise on 
that day. Or, in other words, the time in nddis which 
is to elapse at sunrise before the time of conjunction 
or opposition of the Sun and the Moon 

Pala Latitude 

Palajyd The R sine of the latitude 
Pascardha The western half 

Pdta The ascending node of a planet's orbit (on the 
ecliptic) . 

Pdtabhdga The degrees of the longitude of the ascending 
node 

Pdda Ascending node 
Puskara Three 

Purvdpardyata Directed east to west 

Pausna The nakfatra RevatI which is presided over by 
PuSa. 

Prakrit Eight 

Prakriyd Process 

Pragrakana First contact in an eclipse 

Pragrdsa The beginning of an eclipse, i.e. the first contact 

Pratipad The first tithi of either half of a lunar month is 
called Pratipad 

Pratimandala Eccentiric circle of a planet 

Pratiloma Retrograde. A planet is said to be pratiloma 
when its motion is retrograde 

Prabhd The shadow of a gnomon 

Pravahavayu Provector wind 

Prdk-kapala The eastern hemisphere 

Prdglagna (Lagna) Rising point of the ecliptic 

Prdgvilagna The rising point of the ecliptic 

Prdna A unit of time equal to four sidereal seconds or 
one-sixth of a vinddikd 

Bava The name of the first movable karana, the karana 
being one of the five important elements of the Hindu 
calendar 

Baku (1) The base of a right angled triangle. (2) The bdku 
(or bkuja) corresponding to a planet's anomaly (or 
to any arc or angle) 
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Bdhuphala Correction due to the mandocca or si ghrocca of a 
planet. 

Bimba Disc or orb of a planet 
Brahmadivasa A day of Brahma, a kalpa 

Bha (1) Asterism. (2) Sign 

Bhagana The revolution number of a planet, i.e., the 
number of revolutions that a planet performs around 
the earth in a certain period 

Bhagola Sphere of asterisms, with its centre at the Earth's 
centre 

Bhapanjara (Bhacakra) Circle of the asterisms 
Bhaparinaha Circumference of the circle of the asterisms 
Bhdga Degree 

Bhinna-dikka Unlike direction 
Bhukti Motion or daily motion 
Bhukti-yoga Sum of daily motions 
Bhukti-viksa Motion difference 

Bhuja (bhuja) Lateral side of a right angled triangle 
Bhujdjyd The R sine of Bhuja {Bhuja or Bdhu) 
Bhuja-phala Same as Bdhu-phala 
Bhugola Sphere of the Earth 
Bhugolaviskambha Diameter of the Earth 
Bhucchdyd Earth's shadow 
Bhujya Same as Ksitijyd 

Bhu-tdrdgraha-vivara The distance between the Earth and 
a star-planet 

Bhudina Civil days 

Bhudivasa Terrestrial day or civil day 

Bheda Occultation of a star 

Bhoga Motion 
* 

Makara Capricorn 
Mandala Circle, Revolution 

Madhya (1) Centre, middle. (2) Mean. (3) Middle term 

in a series 
Madhyagraha Mean planet 

Madhya-cchayd The midday shadow (of the gnomon) 

Madhya-jivd The R sine of the zenith distance of the 
meridian ecliptic point 



Madhyajyd Meridian sine, i.e. R sine of the zenith 
distance of the meridian ecliptic point 

Madhyamd bhuktih Mean (daily) motion 

Madhya-lagna Meridian ecliptic point 

Madhyasphuta (Sphutamadhya) True mean position of a 
planet 

Manu (1) A period of time equal to 72 yugas. (2) Fourteen 
Manda Slow, apex of slow motion 
Mandakarna Hypotenuse associated with mandocca 
Mandavrtta Manda epicycle 

Manddmsa The longitudes of the apogees of the planets in 
terms of degrees 

Mandocca Apogee or aphelion of a planet 

Mandocca-karna Same as Manda-karna 

Mandocca-phala Correction due to a planet's mandocca 

Mdsa Month 

Mina Sign Pisces 

Mrga Sign Capricorn 

Mesa Sign Aries 

Maitra The naksatra Armradha which is presided over by 
Mitra 

Moksa The seperation of the eclipsed body after an 
eclipse, the last contact, or the end of eclipse 

Tdmya (1) The south direction which is presided over by 
Yama. (2) The southern hemisphere (ydmyagola) . 
(3) The naksatra Bharani, which is presided over by 
Yama 

Yamyottara The local meridian 
Tuga A period of 43,20,000 years 
Yuti (1) Union. (2) Junction 

Yoga (1) Conjunction in longitudes of two heavenly 
bodies. (2) Addition 

Yoga-tdrd Junction-stars, being the prominent stars of 
the twenty-seven naksatras used by the Hindu astro- 
nomers for the study of the conjunction of the planets, 
especially of the Moon with them 

Yoga- bhaga The degrees of longitudes of the junction-stars 

Yojana A unit of distance. 8000x4 cubits. The length 
of a yojana has differed at different and at different 
times. The yojana of Aryabhata I and Bhaskara I 
is roughly equivalent to 1\ miles 
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Yojana-karna The distance of a planet in terms of yojanas 
Tojana-vydsa The diameter in terms of yojanas 
Randhra Nine 

Ravi (1) The Sun. (2) Twelve 
Ravimdsa Solar month 
Ravivarsa Solar year 
Rasa Six 
Rama Three 
Rasi Sign 
Rudra Eleven 
Rupa One 

Season. (2) Six 

Lagna The rising point of the ecliptic 

Lanka A hypothetical place on the equator where the 
meridian of Ujjain intersects it. 

Lankodaya Times of rising of the Signs at Lanka, i.e. right 
ascensions of the Signs 

Lambaka R cosine of latitude 

Lambaka-guna The R sine of the colatitude 

Lambana Parallax in longitude; or, in particular, the 
difference between the parallaxes in longitude of the 
Sun and the Moon. 

Liptd-sesa The residue of the minute 

Vakra Retrograde motion 

Valana (lit. deflection) 
Valana relates to an eclipsed body. It is the angle 
subtended at the body by the arc joining the north 
point of the celestial horizon and the north pole of 
the ecliptic (i.e. the angle between the circle of position 
and the circle of celestial longitude of the eclipsed 
. body). Valana is generally divided into two compo- 
nents, (1) Aksa-valana and (2) Ayana-valana. The 
Aksa-valana is the angle subtended at the body by 
the arc joining the north point of the celestial 
horizon and the north pole of the celestial equator 
(i.e., the angle between the circle of position and the 
hour circle of the eclipsed body). The Ayana-valana is 
the angle subtended at the body by the arc 
joining the north poles of the equator and the ecliptic 
(i.e., the angle between the hour circle and the circle 
of celestial longitudes of the eclipsed body). The 
Valana is also defined as follows: The Great circle 



of which the eclipsed body is the pole is called the 
horizon of the eclipsed body. Suppose that the 
prime vertical, equator and the ecliptic intersect the 
horizon of the eclipsed body at the points A, B and 
C, respectively, towards the east of the eclipsed body. 
Then the arc AB is called the Ak§a valana, arc BG 
is called Ayana-valana, and the arc AG is called 
valana. Valana is also called Spasfa-valana 

Vasu Eight 

Vahni Three ■ . 

Vara Day 

Vasava The naksatra Dhanistha which is presided over by 
Vasu 

Viksipti Celestial latitude > 

Viksepa Celestial latitude 

Viksepa-jya The R sine of celestial latitude 

Viksepa-liptika The minutes of celestial latitude. 

Vikseparhsa The degrees of celestial latitude 

Vidikka Contrary direction 

Vinddikd A unit of time, being one sixth of a ghatikd, 
equivalent to 24 seconds 

Vimardardka Half of the duration of totality of an eclipse 

Viyat Zero 

Vilipta Second of arc 
Viliptikd Same as Vilipta 
Viloma Retrograde 

Vilomavivara Difference of two planets, one direct and 
the other retrograde 

Vivara Difference 

Visdkha The naksatra Visakha 

Vis va Thirteen 

Visuvajjwa (Aksajyd) R sine of latitude 
Visuvajyd The R sine of the latitude 
Visuvat Equator 

Visuvaddina The day of the equinox 

Visumddina-madhydhna-cchdyd The equinoctial midday 
shadow 

Viskambha Diameter 

Viskambha-dala Semi-diameter, radius 

Viskambhdrdha Semi-diameter, radius 
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Vistrti Radius 

Vrtta (1) A circle or its circumference. (2) Epicycle 
Vrttaparindka Circumference of a circle 
Vrttaparidki Circumference of a circle 
Vega Velocity 
Veda Four 

Vaidkrta An astronomical phenomen for which cf . 
above II. 15. 1-3 

Vaisva The nafoatra Uttarasadha which is presided over 
by Visve Devah 

Vaisnava The naksatra Sravana, which is presided over 
by Visnu 

Vyatipata An astronomical phenomenon; see above, 
11. 15. 1-3 

Vydsa (1) Diameter. (2) (sometimes) Radius 
Vyasa-dala Semi-diameter, radius 
Vydsa-yojana Diameter in terms of yojanas 
Vydsardha Semi-diameter, radius 
Vyoma Zero 

Sakdbda The year of the Saka era 
Sakra Fourteen 

Sakra-tdrakam The nahsatra Jyestha which is presided over 
by Indra (Sakra) 

Sahku (1) Gnomon. (2) The R sine of altitude of a 
heavenly body 

Sahkvagra The distance of the projection of a heavenly 
body on the plane of the celestial horizon from the 
rising setting line of the heavenly body 

Sara (1) Arrow. (2) R versed sine. (3) Five 

SaH (1) The Moon. (2) One 

Satidivasa Lunar day 

SaJimdsa Lunar month 

Sikhi Three 

Sighra Sighrocca, Sighra epicycle 

Sighra-kendra The ttghra anomaly. See Kendra 

Sighravrtta Sighra epicycle 

Sighrocca Apex of fastest motion. See Ucca 



Sighrocca-karna (Stghra-karna) It is equal to [ (R or 
minus R'sin k) 2 + (R sin b) 2 ]* where R-- 3438', 
k=koti due to Sighrakendra, and h~bhuja due to 
Sighra-kendta 

Srhgonnati The elevation of the Moon's horns (or cusps) 
Saila Seven 

Samskrta Corrected 

Sakrt By the application of the rule only once (i.e., 
without the application of the method of successive 
approximations) 

Samapurvaparafi Sankufa The R sine of the prime vertical 
altitude (of the Sun) 

Samakala Two planets are said to be samakala when they 
are either in conjunction or opposition in longitude 

Samamandala The prime vertical 

Samarekha The meridian 

Samaliptendu The longitude of the Moon for the time of 
opposition or conjunction of the Sun and the Moon 

Samparka (1) The sum of the diameters of two bodies in 
contact. (2) Used in the sense of "the sum of the 
diameters of the eclipsed and eclipsing bodies". 

Samparka-dala Same as Samparkdrdha 

Samparkdrdha Half the sum of the diameters of the eclipsed 
and eclipsing bodies 

Sarvagrdsa Total eclipse 

Savya Clockwise 

Sdgara Four 

Sdyaka Five 

Sdrpamastaka Name of an astronomical phenomenon. 
One of the Vyatipdtas. cf. 11. 15. 1-3, above. 

Sita (1) The measure of the illuminated part of the 
Moon's disc; the phase of the Moon. (2) The light 
half of a lunar month (sita-paksa) . (3) Venus. 

Sita-paksa The light or bright half of a lunar month 

Sitamdna The measure of the illuminated part of the 
Moon's disc 

Saumya (1) North. The northern (hemisphere). (2) 
Mercury 

Sauri Saturn 

Sthityardha Half the duration (of an eclipse) 
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Stkityardka-nadikd Half the duration (of an eclipse) in 
terms of nadxs 

Sthula Gross, approximate 

Sparsa First contact of an eclipse 

Sphula True, corrected 

Sphula-graha True planet 

Sputa-bhukti True (daily) motion. 

Sphuta-bhoga True motion 

Sphula-madhya (1) True mean. (2) The true-mean planet. 
(3) The true-mean longitude of a planet 

Sphu$a-yojana-karna The true distance of a planet in terms 
of yojanas 



Sphuta-vrtta True or corrected epicycle 

Svadesa~bhumi-vrtta The local circumference of the Earth, 
i.e., circumference of the local circle of latitude 

Svadesa-bhodaya Times of rising of the Signs at the local 
place, or oblique ascensions of the Signs 

Svadcsaksa The latitude of the local place. 

Svadesodaya Same as Svadesabhodaya 

Svara Seven 

Harija Horizon 

Hasta Cubit, measure of length 
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BHUTASANKHYA— WORD NUMERALS 

Used in Indian Mathematical texts 

ananta, antariksa, abhra, ambara, akasa, kha, gagana, jaladharapatha, nabha, 
punia, bindu, randhra, viyat, visnupada, vyoma, siinya; all synonyms of 'Sky'. 

1 abja, adi, indu, ila, urvara, kaladhara, ku, ksapakara, ksiti, ksma, go, candra, 
jagati, tanu, dharani, dhara, nayaka, pitamaha, prthvi, praleyarnsu, bhu, 
mahi, mrganka, rajanikara, rQpa, vasudha, vasundhara, vidhu, sasadhara, 
sasanka, sasi, sitakara, sitarasmi, sitamsu, sveta, sudhamsu, soma, himakara, 
himagu, himarnsu; all synonyms of 'Earth' and 'Moon'. 

2 aksi, ambaka, ayana, asvin, iksana, ostha, kara, karra, kuca, kutumba, gulpha, 
caksu, jangha, janu, dasra, drsti, dvanda, dvaya, naya, nayana, nasatya, netra, 
paksa, bahu, bhuja, yama, yamala, yugala, yugma, ravicandrau, raviputra, 
locana; all synonyms of 'Eye' and 'Hand'. 

3 agni, anala, kala, krsanu, guna, grha, jvalana, tapana, trikala, trigata, triguna, 
trijagat, trinetra, dahana, pavaka,pura,bhuvana, ratna, rama,loka, vaisvanara, 
vahni, sahodarah, sikhin, haranetra, hutabhuk, hutabhuj, hutasa, hutasana, 
hotr; all synonyms of 'Fire' and 'Worlds'. 

4 abdhi, ambudhi, ambhodha, ambhodhi, ambhonidhi, arnava, aya, asrama, 
udadhi, kasaya, krta, kendra, kostha, gati, ghana, carana, jala, jaladhi, jala- 
nidhi, turya, dis, payodhi, payonidhi, pranimnagesa, bandhu, yuga, lavanoda, 
varna, varidhi, visanidhi, veda, sruti, samudra, salilakara, sagara, sukha; all 
synonyms of 'Ocean'. 

5 aksa, artha, indriya, isu, karaniya, tattva, parva, pavana, pandava, prana, bar.a, 
bhava, bhuta', mahabhuta, raga, ratna, visaya, vrata, £ara, sastra, sayaka; all 
synonyms of 'Arrow'. 

6 anga, ari, rtu, kaya, karaka, kumaravadana, khara, tarka, darfana, dravya, 
masardha, rasa, raga, lekhya, sanmukha, sastra. 

7 aga, acala, atri, adri, aiva, rsi, kalatra, giri, graha, chandah, tattva, turaga, 
dvipa, dhatu, dhi, naga, pannaga, parvata, bhaya, hhubhrt, matrka, muni, 
yati, vaji, vara, vyasana, saila, svara, haya; all synonyms of 'Horse' and 
'Mountain'. 

8 anika, anustubha, ahi, ibha, karman, kunjara, gaja, taksa, tanu, danti, dik, 
diggaja, durita, dvipa, dvirada, dhi, naga, puskarin, bhuti, mahgala, mada, 
matanga, mati, vasu, sarpa, siddhi, sindhura, hastin; all synonyms of 'Elephant' 
and 'Serpent'. 
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9 anka, anilahva, upendra, kesava, gir, go, graha, chidra, tarksyadhvaj, durga, 
dvara, nanda, nidhi, padartha, randhra, labdha, labdhi 

10 avatara, anguli, asa, kakubh, karman, dik, dis, disa, pankti, ravanaSira 

11 aksauhim, Ka, Isvara, bharga, bhava", mahadeva, mrda, rudra, sahkara, Siva, 
sulin, svargesa, hara; all synonyms of god 'Siva'. 

12 arka, aditya, ina, tiksnamsu, dinanatha, dinapa, divakara, dyumani, bhanu, 
bhaskara, mandala, martanda, masa, ravi, rasi, vyaya, surya; all synonyms of 
'Sim'. 

13 aghosa, atijagatl, karana, kama, visva, visvedevah 

14 indra, raanu, loka, vidya, Sakra, sarva ; all synonyms of 'Indra'. 

15 ah an, ghasra, tithi, dina, paksa 

16 asti, kala, nrpa, bhiipa, bhupati 

17 atyasti 

18 dhrti, purana, vidya 

19 atidhrti 

20 krti, nakha 

21 utkrti, prakrti, murchana, svarga 

22 krti,jati 

23 vikrti 

24 arhat, gayatri, jina, siddha 

25 tattva 

26 utkrti 

27 udu, naksatra, bha ; all synonyms of 'Star' and ' Aster-ism'. 

32 danta, rada ; all synonyms of 'Teeth 5 . 

33 amara, tridasa, deva, sura, suradhipa; all synonyms of 'Gods'. 
40 naraka 

48 jagati * 

49 tana 



APPENDIX VI 
SOURCES AND TRANSLATORS 



A. Sources* 

Aitar ey a Brahmana 

Arthasdstra of Kautilya 

Aryabhatasiddhdnta of Aryabhata I 

Aryabhatiya of Aryabhata I 

Aryabhatiya-vydkhyd by Suryadeva Yajvan 

Atharvana-Jyoti^a 

Atharva-parisista 

Atharvaveda 

Bhdgavata Purdna 

Brdhmasphutasiddhdnta of Brahmagupta 

Brdhmasphutasiddhdnta-vydkhyd of Prthudakasvamin 

Brhatsamhitd of Varahamihira 

Dhikotikarana of Srlpati 

Drgganita of Paramesvara 

Drkkarana of Jyesthadeva 

Ganitakaumudi oi Narayana Pandita 

Ganitasdra of Thakkura Pheru 

Ganitasdrasangraha of Mahavlra 

Goladipikd of ParameSvara 

Go/flsofflofNlIakantha Somayaji # 

Gopatha Brahmana 

Grahaldghava of Ganesa Daivajna 

Grahananydyadipikd of Paramesvara 

Harivathsa 

Jyotirrmmdmsd of NUakantha Somayaji 
Jyotisaratnamdld of Srlpati 
Jyotisaratnamdld-vydkhyd by Mahadeva 
Karandmrta of Citrabhanu 
Karanapaddhati of Putumana Somayaji 

* Main sources extracted from, in this compilation 



Karanaratna of Deva 

Kdsistha-Mdmmandira-vedhalaya-varnanam of Bapudeva 
Sastri 

Khandakhddyaka of Brahmagupta 
Khandakhddyaka-vyakhyd by Amaraja 
Khandakhddyaka-vyakhyd by Trivikrama 
Laghubhdskariya of Bhaskara I 

Laghubhdskariya-vydkhyd (Sundari) by Udayadivakara 

Laghubhdskariya-vivarana by Sankaranarayana 

Lalitavistara 

Lildvati of Bhaskara II 

Mahdbhdrata 

Mahdbhdskariya of Bhaskara I 

Mahdbhdskanya-bhdsya-vydkhyd, Siddhantadlpikd, of 
ParamesVara 

Mahdmdrganibandhana of Haridatta 

Manusyalayacandrikd of Nilakanthan Mussatu 

Ndradiyasamhitd 

Paitdmahasiddhdnta condensed in the Pancasiddhdntikd of 
Varahamihira 

Pancabodha 

Pancasiddhdntikd of Varahamihira 
Paras arasiddhdnta 

Pdrasiprakdsa of Malajit Vedangaraya 
Prasnamdrga of Idakkattu Namputiri 
RdHgolasphutanxtt of Acyuta Pisarati 
Rgveda 

Romakasiddhdnta condensed in the Pancasiddhdntikd 
Sadratnamald of gankaravarman 
Satapatha Brahmana 

Saurasiddhdnta condensed in the Pancasiddhdntikd 
Siddhdntadarpana of Nilakantha Somayaji 
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Siddhantadipika of ParamesVara 
Siddhdntasamrdt of Samrat Jagannatha 
Siddhdntaiekhara of Sripati 
Siddhdntasekhara-vydkhyd of Makkibhatta 
Siddhdntasiromani of Bhaskara II 
Siddkdntatattvaviveka of Kamalakara 
Sisyadhivrddhida of La] la 
Sphutacandrdpti of Madhava 
Sphutanirnaya of Acyuta Pisarati 
Sphutanirnayasangraha 
Sphutanirnayatulya 
Suryasiddhdnta 

Suryasiddhanta-vydkhyd of ParamesVara 
Suryasiddhdnta-vydkhyd of Ramakrsna Aradhya 
Taittiriya Brdhmana 
Taittiriya Samhitd 
Taittiriya Upanisad 

Tantrasangraha of Nilakaritha Somayaji 

Tantrasangraha-vydkhyd, Yuktidipikd, by Sankara Variyar 

Tantravdrttika of Kumarila Bhatta 

Tantravdrttika-vydkhyd (Ajitd), by Paritosa MiSra 

Vdjasaneyi Samhitd 

Vdkyakarana 

Vararucivdkydni 



Vdsandbhdsya of Bhaskara II on his Siddhdntasiromani 
Vdsisthasiddhdnta summarised in the PaHcasiddhdntika 
Vafeharasiddhdnta of VatesVara 
Veddngajyotisa, Rk and Yajur recensions 
Veddntakalpataruparimala of Appaya Dlksita 
Vidydmddhavfya of Vidyamadhava 
Visnu Purdna 

Tuktidipikd of Sankara Variyar on the Tantrasangraha 

B, Translators (with abbreviations) 
Bhat, M.R. 

Burgess, Rev. Ebenezer 
Caland, W. 
Chatterjee, Bina (BG) 
Griffith, H.T. 
Gupta, R.C. (RCG) 
Keith, A.B. 

Narasimhan, V.S. (VSN) 

Sarma, K.V. (KVS) 

Sarma, S.R. (SRS) 

Sastry, T.S. Kuppanna (TSK) 

Sharma, S.D. (SDS) 

Shukla, Kripa Shankar (KSS) 

Somayaji, Arka (AS) 
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Agastya (Canopus), heliacal rising and setting, 18.9 
Agra, 8.6.1 
Ahargaw, 13.1-3 
Angles, measures, 7.17 
Apogee, 4.13.3; 13.5.1 

Armillary sphere, construction and use, 8,1-6; 8.2.1 ; 8.6.3 
Asterisms : see Naksatra 

Astronomer, —genealogies, 2.9.10; —qualifications, 2.4-6; 
— Vedic, 2.1-3 

Astronomy, —as Vedic auxiliary, 1.1.1-3; —characteristics, 
1.6-14; —contents, 1.5.1; —division, 1.3.1-3; 1.4.1-4; —erro- 
neous notions corrected, 5.1-3; —innovations, 21.1-3; —instru- 
ments, 9.3-11; 10.1.19; —methods, 2.7-8; —purpose, 1.2.1-3; 
— rationale: see under Rationale; — simplified procedures, 21.3 

Ayanasandhi, 11,14 

Bhagola, 4.22.1 ; 8.2.1 ; 8.3.1; 8.4.1; 8.6.2 
Bh ujdntara correction, 13 . 22 
Bhutasankhya notation, App. V 

Car a correction, 13.20; — rationale, 22.5 
Comets, 4.29.1-3 
Cosmogony, 3.1-2 

Decimal notation, 6.3 
De&antara correction, 13.21 
Drkkarma, rationale, 22. 10 

Earth, —motion, 4.2; —nature, 4. 1-5 ; —rotation, 4.9.2; —situa- 
tion, 4.3-10; 
Earthquakes, 4.1.5 

Eccentric and epicyclic system, rationale, 22.16 

Eclipses, —colour, 16.36; —conditions for non-prediction, 16.37; 
— documented, 2.7.1; —erroneous notions corrected, 5.13; — in- 
scriptional references, 16.38-39; —principle, 16.2-3; —rationale, 
22.6-7; —theory, 4.21; —Vedic references, 16.1 

Eclipses, lunar, —computation, 16.3-15; —diagram, 16.16-22. 

Eclipses, solar, —computation, 16.23-33; —diagram, 16.34 

Ecliptic, 4.24 

Epicycles, 4.18-19; 13.31 

Epoch, —days from, 13.1-3; —Kali, zero-positions, 13.15 
Eras, —conversion, 7.11 ; —table of Indian, App. I 

Gnomon, 15. Iff.; — gnomonic shadow, computations based on, 
15.3<-23; — me, 15.2 



Golasandhi, 11.14 
Grahagola,8.5A 

Instruments, 9.3-11; 10.1-19 

Juriction stars, —latitudes, 12.6; —longitudes, 12.5 
Jupiter, —heliacal rising and setting, 18.6; —Vedic references, 
13.2.2-3 

Jya, 7.18-19; see also R sines 

Kalpa, 7.7.4-5; 7.7.12 
Kalpa correction, 13.18 
Karaw> 11.16 
Katapayadi notation, 6.5-6 
Khagola, 4.22.1 ; 4.23.1 ; 8.3.1 

Lanka, situation, 4.5.1-6 
Linear measures, 7. 14. 1-3 

Manda and Sighra circles, 13.31 ; 22.13-16 
Manda and &ghra motion, rationale, 22.16 
Manuyuga correction, 13.1 
Meru, 4.4.1-6 
Meteors, 4.29. 1-3 

Moon, — erroneous notions corrected, 5.6-8; — occupation of the 
naksatras by, 20.5; —rationale of visibility, 22.8-9; —situation, 
4.12.1-3; —computation, 13.6.1-6; —motion, rationale, 22.14; 
—phases, computation, 17.1-8; —phases, diagram, 17.9; 
— true, 13.7.1-8, 10.15; —true, accurate determination, 21.2; 
— true, rationale, 22. 13 

Naksatra, 1 1. 12; 12.1 ; —characteristics, 4. 13.2, 4; —computation, 
11.2-5; — conjunction with planets, 20.1-6; — heliacal rising and 
setting, 18.8-9* — occupation by the Moon, 20.5; — occupation 
by the planets, 20. 1.4, 6 

Numeration, 6.1-6 

Observatories, 9.1, 2; —instruments 9.3-11 
Pancanga, 11.1-16 

Planets, — conjunction with other planets, 19.1-3; —conjunction 
with stars, computation, 20.1-6; —heliacal rising and setting, 
18.1-5; measures, 13.25; — mean, computation, 13.8; — mean, 
computation, simplified procedures, 21.3.2; —motion, 4.13; 
4.16-20; 13-24-32; motion, true, rationale, 22. 15 ; —retrograde, 
13.32; —revolutions, 13.4-5; —situation, 4.14-15; —true, 13. 
11-13; — true, accurate determination, 21.1; —true, rationale, 
22.3; —Vedic mention, 13.1-2 
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Precession of the equinoxes, 14.1-6 
Rahu, computation, 13. 14 

Rationale, — cara y 22.5; —dekantara, 22 A; —dfkkarma, 22.10; 

—eclipses, 22.6; —luminosity of the Moon, 22.8; —manda and 

sighra motion, 22.16; —Moon's visibility, 22.9 ; —purpose ,22.1 ; 

—sidereal day, 22.2; —true planets, 22.3; —true planetary 

motion, 22.15 ; —true Sun and Moon, 22. 13-14 
Retrograde motion of planets, 13.32 
R sine, —geometrical derivation, 22.12; —tables, 7.18-19 

§akdbda correction, 13.16 

Sankw. see Gnomon 

Saptarsis (Great Bear), 12.8 

Sighra and manda motion, rationale, 22.16 

Solstices and equinoxes, 14. 1-6 

Stars : see Naksatras 

Sun, —motion, 13.7-9; —rationale, 22.14; —mean, computation, 
13.6.1-7; —nature, 4.11; —true, 13.7.1-8, 10-15; —rationale, 
22.13 



Time, measures, 7. 1-13 
Tithi, 11.9-12 

Vdayantara correction, 13.23 
Universe, origin, 3.1.-2 

Vaidhrta, 11.14-15 

Venus, —heliacal rising and setting, 18.7; — Vedic mention, 13.2.4 
Visibility corrections, rationale, 22.10 
Volume measures, 7.15 
Vyatipata, 11.14-15 

Week-day, 11.6.1-3 
Weight measures, 7.7 

Yoga, 11.13 

Yuga, concepts, 7.2; 7.7 



